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HE crude oil produced from the discovery 
well in the new field of Sherman township, 
Isabella County, Michigan has been analysed by 
the United States Bureau of Mines and found to 
be a paraffin base oil. The lighter fractions 
include 40 percent of “gasoline and 
New naphtha” and 20 percent of kerosene 
Crude distillate. The laboratory analysis indi- 
cates that these fractions are more 
paraffinic than the corresponding fractions from 
the oil produced in other Michigan fields with 
the possible exception of the oil from the Tren- 
ton lime horizon in Monroe County. The lighter 
fractions of this oil are more paraffinic than the 
corresponding fractions from the crudes pro- 
duced from the Cabin Creek, West Virginia, and 
the Rodessa, Louisiana fields. The remaining 
distillates consisting of 23 percent of gas oil and 
heavier distillates give indications that this 
Michigan oil would yield about the same type of 
commercial products as may be obtained from 
the Rodessa crude oil. 

The light gasoline, 13.2 percent recovered is 
of 80.6 A.P.I. gravity. The total gasoline and 
naphtha, 40.0 percent, is of 65.3 A.P.I. gravity. 
A 20 percent fraction of kerosene distillates has 
a gravity of 47.8 A.P.I. and a 10 percent fraction 
of gas oil has a gravity of 39.0 A.P.I. The dis- 
tillation yielded 8.8 percent non-viscous lubricat- 
ing distillation with 36.8-32.8 A. P. I. gravity 
and 4.7 percent medium lubricating oil distillate 
with gravity of 32.8 to 31.0 A.P.I. The 14.3 per- 
cent residuum has an A.P.I. gravity of 25.4 de- 
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grees. The crude oil has a gravity of 48.1 A.P.I. 
has 0.40 percent sulfur, a pour point below 5° F. 
and an N.P.A. color Number 5. Carbon residue 
of the crude is 0.3 percent and of the residuum 
2.2 percent. 


HE stability of the petroleum refining in- 

dustry is directly influenced by the crude 
oil reserve situation. So long as present reserves 
are maintained, it is believed that stability is 
assured, but should reserves of 
crude oil drop materially over a 
period of a few years, that, then, 
becomes a different story. 

It is good to be informed that the United 
States crude reserves as of January 1, 1937, are 
estimated to be 12,980,000,000 barrels, as com- 
pared to 12,992,000,000 barrels a year ago. These 
estimates cover the underground supply of crude 
oil in known United States fields that is extract- 
able by current producing methods. The decline 
of only 12,000,000 barrels in reserves is so slight 
that it is of no import. However, due to a large 
increase in 1935, the known recoverable but un- 
produced supply of crude is still far in excess 
of the total two years ago, when reserves were 
estimated by the American Petroleum Institute 
as being 12,177,000 barrels on January 1, 1935. 

These estimates indicate what the petroleum 
industry must achieve annually during the next 
few years. Will it be able to keep pace with the 
rapidly increasing consumption? To do so, ap- 
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parently, it must find (unless another East Texas 
is discovered) around 175 fields per year in addi- 
tion to new sands and extensions. 

It is predicted that consumption of petroleum 
products during 1937 will exceed that of 1936, 
perhaps as much as seven percent. Therefore, if 
the United States petroleum industry is to main- 
tain its oil reserve status it is necessary that more 
than a billion barrels be discovered annually. 


IME and again in these columns attention 
has been called to the feasibility and the 
advisability of the proper preparation of road 
beds or bases through the use of asphaltic road 
oils. ‘The reasons for advising the ad- 
Road vocacy of such practice are two fold. 
Base First, by water proofing the road base 
properly, a longer life is assured the 
road, and second, the more such waterproofing 
is done the better becomes the market for such 
oils. Water is said to be the cause of 90 percent 
of road bed failures. If the road bed is water 
proof, state, taxpayer and refinery profit. 

Experimenting is underway in various states. 
Word comes that Oklahoma is working with the 
process of base stabilization in which asphaltic 
oil is placed several inches under the surface and 
allowed to penetrate to the surface. The process 
is reported to leave a stable and waterproof base 
on which a bituminous surface can be placed for 
$1,500 or less per mile. 

However, if the total cost for proper water- 
proofing of base and subgrade of such roads 
should be around $1,500 per mile, and permanent 
bituminous topping another $1,500 per mile, the 
total indicated $3,000 per mile is still remarkably 
cheap. In as much as the market for asphaltic 
oils and bituminous products can be greatly in- 
creased by successful promotion and advocation 
of such a practice, it is indicated that refiners 
producing such road materials should get behind 
this work and cooperate to the fullest extent. 
And the public gets better longer-lasting roads 
at a better price. 





HE refineries of the United States appear to 
have processed close to 1,100,000,000 barrels 
of oil in 1936, according to preliminary estimates. 
This is at an average of slightly more than 3,- 
000,000 barrels of crude charged 
a to still daily. Generally favor- 
Operations able conditions, further improve- 
ment of earnings, and various 
new all time records are in prospect for the pe- 
troleum industry in 1937 according to many of 
its leaders, economists, and students. Although 
the demand for petroleum was at an unprece- 
dented level in 1936 it appears likely to show a 
further increase of 7 to 10 percent in 1937. Con- 
sequently, petroleum refining should reach new 
levels, as it did in 1936. If the industry meets 
with a demand requiring a 10 percent increase 
in crude oil charges to stills, then 1937 should be 
a one billion, two hundred million barrel year. 
Such prospects contribute much to the present 
wide-spread activity in construction of refinery 
equipment of modern type. A recent survey in- 
dicates that refinery construction work now un- 
der way is in greater proportions than at any 
similar period during the past decade. Further, 
refinery construction proposed, under design and 
actually projected, is of greater proportions than 
is generally known. One construction company 
alone recently stated that on its board it had 
plans for units of a capacity of something like 
80,000 barrels of oil a day, installation cost of 
which will be around $25,000,000. 


HE petroleum industry is an enormous pur- 

chaser. It is the largest buyer of tank cars 

and of tank ships. It creates one of the greatest 

industrial markets for steel and iron, motor ve- 

hicles, electric power, internal 

combustion engines, building ma- 

Purchases terial, Diesel motors, meters, 

pumps, pipe, measuring devices, 

lumber, tanks, rope, gages, cable, paint, hose, 

cement, rubber, metal products, brass, tin, chemi- 
cals, containers, and other products. 


Bayway Refinery at Night 








Lubrite’s 
Coke Ovens 


and Fuel-Oil Reduction Unit 


HE Lubrite Division of Socony-Vacuum Oil 

Company, Inc., operating a refinery in East St. 
Louis, Illinois, has been confronted at various times 
with a slack demand for industrial fuel oil. This fuel 
is the usual type of bottoms that is manufactured 
while reducing Mid-Continent crudes by processing 
them through cracking plants. Being fortunately sit- 
uated in an area where disposition of a large volume 
of fuel oil is readily made during periods of indus- 


' trial activity, and where freight rates are such that 


good prices may be received, the company can, dur- 
ing these periods of activity, dispose of a large 
amount of industrial fuel oil. The slack demand for 
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fuel oil usually occurs during the fall months and 
continues through the winter. However, during these 
months, the furnace oil market is more active. The 
refinery runs are not curtailed during these periods, 
and naturally a reserve of heavy fuel oil is built up 
which sometimes becomes larger than plant econom- 
ics warrant. 

To overcome this difficulty, it was decided to con- 
vert this surplus of fuel oil into a salable grade of 
coke, and at the same time manufacture other prod- 
ucts which might be disposed of advantageously. 
After a thorough investigation of processes, the de- 
cision was made to install four coking ovens together 
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with a viscosity-breaking unit, with various acces- 
sories, so that a maximum yield of products might 
be obtained with a minimum amount of fixed-gas 
generation. A late type of coking oven was selected, 
with the viscosity breaker and fractionating equip- 
ment so arranged that when the heavier products 
manufactured in the vapor-phase cracking plants 
were charged to the new unit, only the heaviest 
tarry residuum would be used as coke-oven charging 
stock. This plant, while being designed specifically 
to reduce fuel oil to coke, was so arranged that when 
the fuel market was a deciding factor, the viscosity- 


breaking unit could be operated independent of the 
coking ovens, and used as a crude oil distillation 
plant. 


MODERN INSTALLATION 


The type of ovens used when building this plant 
has been used by various refiners in many sections 
of the country. However, this installation is one in 
which all the most modern improvements have been 
installed, having features not found in many of the 
older plants of this character. The heating and frac- 
tionating units included in the design of the combi- 
nation plant were designed to process the fuel oil 
by reducing it to a fraction possessing a very low 
A. P. Il. gravity, and to handle vapors driven from 
it, as well as the tarry residuum being coked, so that 
definite products might be removed, having charac- 
teristics which would bring a price which would 
show an operating profit. 

The unit as it now stands for operation as a coke 
plant consists of four ovens, where the heavy tarry 
residuum is reduced to a solid. There are two prin- 
cipal towers, the first utilized as an evaporator, re- 
ceiving the oil from the transfer line of the pipe still, 
or heater. The other is the main column, where the 
fuel oil fresh from the cracking-still evaporators is 
pumped in order that a part of the more volatile 
fractions may be driven from it before it is charged 
to the pipe still. Also, this column is a fractionating 
tower so that end point gasoline can be taken over- 


head. Furnace oil, with minor changes, can be re- 
moved as Diesel fuel, and gas oil taken from the 
column at designated draw-off pans. An adequate 
number of various types of pumps are located within 
the pump house and at other points in the plant so 
that the materials can be kept moving, and furnish 
reflux and quenching oils to the points in the plant 
where definite temperatures are to be maintained. 
Compressors handle the gases evolved from the 
charge in the coking ovens, delivering them to the 
vapor recovery plant so that available gasoline frac- 
tions can be recovered. The necessary auxiliary 


Instrument board in con- 
trol house. 


equipment for operating the coking ovens, such as 
electric cranes to raise the doors, coke rams for 
shoving the finished coke from the ovens, and classi- 
fiers for grading the coke as to size, are provided. 


OPERATION 


When this plant is on stream to reduce the fuel 
oil to coke and other products, the bottoms from the 
vapor-phase cracking units, having a gravity of 10 to 
12° A. P. L., are charged into the main fractionating 
column, or bubble tower. They enter this column 
through the large vapor line connecting it to the 
evaporator which is equipped with an elbow looking 
downward towards the base of the tower. Both the 
vapors from the evaporator and fuel oil from the 
cracking-unit evaporator being hot, some of the 
lighter fractions flash off from the charge in the form 
of heavy vapor. The downward turn of the elbow 
within the shell of the bubble tower prevents those 
fractions from escaping upwards into the gas oil 
draw-off section. Three baffles in the column just 
above the vapor and charge-line connection control 
the amount and quality of the fractions removed 
from the charge. The column is equipped with an 
inverted conical base so that the heavy oil will 
readily flow to the outlet connection to which the 
pipe-still pump-suction line is attached. An electric- 
motor-driven stirring device is installed near the tip 
of this inverted cone to prevent what carbon might 
be in suspension being deposited upon the walls and 
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eventually clogging the connections. The motor is 
mounted upon a bracket made of channel iron at- 
tached to the side of the column by riveting and 
located so the shaft of the stirrer can be aligned with 
the motor shaft, and so the packing gland in the 
stirring shaft stuffing box can be maintained with- 
out shaft weaving. 


ELECTRIC MOTOR MOUNTING 


An electric-motor-driven positive-displacement pis- 
ton pump takes suction through the bottom outlet 
of the inverted cone in the bubble tower and directs 
it immediately to the pipe-still heater. The pump is 
an outside piston-packed unit, with the motor mount- 
ed upon the frame and coupled to the pump with 
reduction gears. The volume of fluid handled by this 
pump is controlled by a by-pass between the dis- 
charge and the shell of the bubble tower so that a 
definite rate of flow may be maintained, with excess 
material being returned to the column. Preheating is 
unnecessary in the operation of this unit, as the 
charge handled by this pump has a temperature 
around 725° F., due to the heat of the fuel-oil charge 
to the column, and the heat of the coke-oven vapors 
entering the bubble tower as they leave the evap- 
orator. 

The hot oil enters the heater at the lower connec- 
tion of the convection bank of tubes, passing upward 
through this section to enter a double row of radiant 
tubes, to be heated to about 870° F., leaving the 
heater through the transfer line. The pressure upon 


Hot-oil Pump and Agitator. 


the oil in the transfer line is about 100 pounds, 
gauge, which is reduced as the hot oil flows to the 
evaporator column. A large portion of this material 
is immediately flashed into vapors as it enters the 
evaporator, hot and at sharply reduced pressure. The 
residuum, having a gravity of from 1° to 2° A. P. L, 
falls to the base of the column. The vapors pass up- 
ward through the column, controlled by three baffle 
plates near the top, which prevents the passage of 
the hot tarry residuum from the column. Vapors re- 
nioved from the charge leave the evaporator at the 
top where a large vapor line extends from this point 
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to the main column. To prevent distortion of this 
large vapor line, an expansion joint is installed about 
midway between the connection at the top, of the 
evaporator and the inlet flange on thé side of the 
fractionator. The evaporator is 9 feet in diameter 
and 30 feet in height, mounted upon a skirt, which 
in turn is set upon a concrete foundation. It also has 
a conical bottom similar to that in the main column, 
and is equipped with a similar stirring device. Be- 
cause of the reduction in gravity this tarry residuum 
has a greater tendency to congeal and stratify than 
the original fuel oil, and also contains some coke 
particles formed in the tubes of the heater, which 
might adhere to the inner surface of the vessel and 
eventually plug the suction line at the tip of the 
inverted cone. 


OVEN ARRANGEMENT 


The four ovens which are used to reduce the 
heavy, tarry residuum pumped from the base of the 
tube still evaporator are 10 feet in diameter and 30 
feet in length. Each oven is covered with an air- 
tight steel shell to prevent the influx of air and the 
escape of gases. A common vapor line running 
across all four ovens, 36 inches in diameter, is con- 
nected to a riser attached to each oven near the top 
center of the arch. The line is laid so it can be con- 
nected to the inlet opening of the main column when 
operating the plant as a coke-production unit, or 
disconnected when the distillation or fractionating 
part of the plant is used to reduce crude. 


The arch of each oven is lined with firebrick, while 
the floors are constructed of carborundum tiles. 
Channels extend beneath the carborundum floors to 
act as conduits for the combustion gases. Each oven 
is equipped with two steel doors, insulated to pre- 
vent distortion of the metal and the loss of heat, one 
at either end. These may be raised or lowered when 
the operating cycle calls for moving them. Lugs are 
attached to the top of each door into which hooks 
may be inserted when using the lifting cranes. A 
trolley is installed above the discharge end of the 
oven with which this door may be operated. The 
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opposite door is operated with a crane which is an 
integral part of the coke ram car, which is moved 
along the end of the oven battery upon steel rails. 
Both the trolley, or overhead crane, and the ram car 
with its door hoist are operated with electric motors, 
the wires carrying the current to the first being sup- 
ported with a steel cable equipped with loops so the 
wires may be extended across the unit to the farthest 
oven without becoming tangled or dropping down 
upon the hot doors of the ovens. 

Oven charge pumps remove the heavy, tarry re- 


The “ram” car equipped with 
a hoist, the car and its equip- 
ment being powered by elec- 
tricity, lifts the door of the 
oven to be emptied and 
pushes the heated mass out 
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siduum from the base of the evaporator hot and de- 
liver it to each oven in turn as the operating cycle 
demands. The cycle upon which the ovens are op- 
erated is a period of approximately 6 hours, with 
the 4 units synchronized so that 16 complete charges 
are made to the coke plant each 24 hours. As there 
is a short period between the charging of one oven 
and the cleaning of the succeeding one in which no 
residuum is being delivered, the oven-charge pumps 
deliver the tar back to the evaporator through a by- 
pass controller. The pumps are kept moving so the 
material which they are handling will not congeal 
in the suction and discharge lines. Sufficient capacity 
was built into the evaporator so that a considerable 
length of time is available for any interval between 
one oven charge and another. The motor-driven stir- 
ring device in the base of the evaporator keeps the 
tar in a state of agitation while it is being recycled 
so that carbon will not settle out. 


MANUFACTURE OF THE COKE 


When one of the coking ovens has been cleaned 
and made ready to receive its charge of tar, a three- 
inch nozzle installed in the oven distributes the 
heavy oil gradually over the carborundum tile floor 


until a layer has been formed thick enough to seal 
the joints, which prevents the entrance of combus- 
tion gases from the channels beneath. The tempera- 
ture of the combustion channels beneath the floor at 
this time is raised to about 2400° F., as the rate of 
tar distribution is accelerated, so that in about 105 
minutes a layer of coke 8 inches in thickness has 
been formed. The arch temperature at the time of 
starting the flow of tar upon the floor of the oven 
is about 1500° F. This temperature is gradually re- 
duced until the end of the coke-forming period has 





been reached, when the thermometers read 800° F. 
Furnace temperatures are obtained through the op- 
eration of recordr-controller instruments which au- 
tomatically feed the gas fuel to the burners in the 
combustion section of the furnace at the rate which 
will obtain the desired temperatures within the oven 
and in the coke bed. The drying portion of the cok- 
ing cycle, in which the coke is formed, continues for 
approximately 3 hours. During the drying period, 
and after the coke has been formed, the arch tem- 
perature is raised again until it reaches about 1200° 
F., which, combined with the time factor in the oven, 
is sufficient to drive practically all of the volatile 
matter from the coke. Analysis of coke made in this 
plant shows an average of less than 1.15 percent of 
volatile matter. The fixed carbon averages about 
97.85 percent, with an ash content of 1 percent, and 
the coke, after it has been removed from the oven, 
has a dark silvery sheen, dry and brittle. 


REMOVAL FROM OVEN 


At the close of this part of the operating cycle, 
the doors which close the oven at both ends are 
opened by raising them with the electric hoists. The 
coke side of the oven is operated, when opening the 
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door, with a boom attached to the ram car, which 
has two chains connected to cables wound upon a 
drum. The ram itself operates in a horizontal posi- 
tion upon the floor of the car, being moved with a 
motor which is controlled from the cab where the 
operator sits. When both doors have been opened, 
with the coke car in position with its aprons placed 
against the runway in front of the oven, the ram is 
intruded into the oven, and moves, by scraping, the 
mass of coke from the floor. The car is spotted with 
the aid of a gasoline locomotive, equipped with a 
cab to protect the operator from the intense heat of 
the coke as it falls into the car. This car is equipped 
with a shield on the side opposite the oven which 
has dark glass inspection ports so that the move- 
ment of the coke can be watched. The coke is im- 
mediately quenched by spraying the mass in the car 
with a stream of water so that the temperature may 
be lowered below the combustion point. After the 
coke has been cooled so that it may be safely han- 
dled, the coke car is moved to the grader and classi- 
fier where the various sizes of pieces are placed in 
the cars for shipment. 

Both doors of the oven are then sealed, after 
closing, in preparation for another charge of tar. 


Sealing is accomplished with a mixture of coke 
breeze and clay, prepared with a consistency of mor- 
tar so that it may be applied to the joints around 
the doors with a trowel. As the doors are being 
closed, the vapor line opened, and all other lines and 
controls opened or shut, or connected to the oven, 
the temperature is raised sufficiently that another 
charge of tar may be distributed over the carborun- 
dum floor. The cycle of operation is continuously 
repeated so that no appreciable time lag appears be- 
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tween one oven and another. The operating cycle of 
6 hours is split up as follows: 


Chatging time. .....00s#.0 snueey eee 1.75 hours 
Dir yitad AEGIG on cine Sites Kees nade 3.00 hours 
Discharging and door sealing....... 1.25 hours 

Total time Gf eyele. 6.20646. 605% 6.00 hours 


HANDLING OF VAPORS 


As the coke ovens provide for the manufacture of 
two products, coke and volatile fractions, the latter 
are driven from the oven through the 36-inch vapor 
line at a pressure approximately zero pounds. In or- 
der to obtain accurate control of pressures within the 
ovens, hydraulically-operated vacuum-control valves 
are on the vapor risers attached to the arches. The 
pressure can never, with these instruments in the 
proper working order, drop below zero pounds pres- 
sure, nor rise above a pressure of 1 inch of water. 
As a large volume of vapor is evolved from the bed 
of forming coke, naturally some of the very fine solid 
matter will be carried into the vapor line with the 
gases. To prevent this material from flowing into 
the bubble tower, a coke trap is installed in the 
36-inch line between the last oven and the inlet of 
the bubble tower. Gas oil is fed slowly into this line 




















+ «+ « into a quenching car 
which operates along a rail 
track and serves not only as 
a receptacle for cooling the 
coke but also as the vehicle 
for moving it away from the 
still. 
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so that a more effectual scrubbing of the gases is 
obtained than if they were dry. The fluid in the line 
accelerates the movement of the solid matter so that 
the line will not become partially choked. Manholes 
were placed in this vapor line at intervals so that it 
may be cleaned if any appreciable amount of coke 
becomes deposited on the inside walls. 

The vapors driven from the heavy tar being proc- 
essed to coke travel directly from the ovens to the 
main column, or bubble tower, where they are frac- 














An electric locomotive spots the 


tionated into four products: gas oil, furnace oil, gas- 
oline, and dry gas. As this column has a diameter 
of 9 feet and a height of 65 feet, 12 trays are installed 
in the upper section so that the gases traveling up- 
ward may be fractionated into two separate cuts. A 
draw-off pan is installed in the tower with 6 of the 
fractionating trays above and 6 below. Furnace oil 
is withdrawn from this point in the column, having 
definite characteristics controlled with liquid reflux 
pumped back over the column, entering either above 
or below the draw-off pan. Just below the bubble- 
plate sections, a closed compartment is built into 
the column with a chimney extending through the 
base so that vapors move from the bottom of the 
column to the fractionating trays above. A closed 
coil is inserted into the column just above the chim- 
ney opening for auxiliary temperature control. 

The vapors leaving the top of the column are con- 
trolled by open reflux pumped to the column, so the 
temperature of the vapors average about 235° F. 
Approximately 7% percent of the charge is taken 
from the overhead connection of the bubble tower 
and condensed as gasoline. Vapors from the drum 
flow to another vessel which acts as a wash tower 
so that gases without liquids may be handled by the 
compressors. The gases from the drums are com- 
pressed and treated in the plant recovery unit, where 
about 3% percent of the original charge is manufac- 
tured into light gasoline which is used for blending. 

The furnace oil fraction removed from the draw- 
off pan between the fractionator plates flows down- 
ward to a side stripper, 4 feet in diameter and 14 
feet in height, which is equipped with 4 fractionating 
plates. Steam is admitted into this column in suffi- 
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quenching car at the still door. 


cient volume to remove the lighter fractions from 
the liquid. These vapors re-enter the main column 
at a point which corresponds to the space between 
the first and second fractionating plate above the 
furnace oil draw-off section. With certain minor 
changes in operation, a cut of Diesel oil may be 
manufactured, but the furnace oil normally removed 
has all the essential qualities of a desirable fuel for 
domestic consumption. The cut represents about 
55% percent of the original charge to the plant, and 
has the following characteristics: 


Pee NENG wis oct tas chad nee ees ene 456° F. 
Pe NE 0b vce bueno oe 4433 % cas ee 645° F. 
WE oa as shai ae eh ated ee oa ee 190° F 
Wee BE WOE Bek ei ocinn koateauis 35 

Re ME. vs kbs Mines 5450 bkwkaennes uae —0° F. 


The cut removed from the chimney section of the 
column is essentially gas oil, being useful in flushing 
the vapor line so that coke particles will not hang 
up at this point. It is also used for diluting the tarry 
residuum pumped from the base of the evaporator 
should this product be placed in storage, so the vis- 
cosity will be sufficiently reduced that pumping back 
to the plant may be easily accomplished. During nor- 
mal operation of the unit, after the gas oil fraction 
has served its various purposes, it is either permitted 
to flow from the chimney section, when produced in 
greater volume than needed, or pumped back to the 
lower section so that it may be passed through the 
furnace again with the bottoms from the fractionat- 
ing column. 

The coke produced in the ovens represents about 
24 percent of the charge to the plant, and is clean, 
dry and brittle without staining properties when 
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handled cold. It commands a premium price on the 
market, and is readily sold. 

When the demand for fuel oil again permits the 
shipping of this product, the plant is repiped so 
that the heater and columns may be used as a more- 
or-less conventional unit for running crude oil. Only 
a few days are consumed in converting the combi- 
nation unit from a coking plant to a straight-distilla- 
tion unit, or back again. Thus, the plant is flexible 
enough that it will not long remain idle. 

Returns from the unit when running the cracking- 
plant bottoms to coke are said to be sufficient that 
a price of as much as $1.50 per barrel may be real- 
ized, which of course depends upon the selling value 
of the various products and the cost of the charging 
stock. When products have been manufactured with 
definite characteristics, such as the coke, furnace oil 
and overhead gasoline, the profit realized from the 
operation depends largely upon the activities of the 
sales department to secure a constant market for 
them. The market for this particular grade of coke 
has been well established, while the market for gas- 
oline, with the characteristics such as are found in 
the overhead product, depends upon seasonal de- 
mand. The large volume of furnace oil might be 
worked into channels where a demand for it could 
justify the operation of the combination unit con- 
stantly, instead of at times when the fuel oil stocks 
are piling up. 

One feature of the operation of this plant that is 
instrumental in making for large recoveries is found 
in the reduction of the usual grade of fuel oil to a 
very heavy material. When charging ordinary low- 


gravity fuel oil to coking ovens, the evolution of 
gases is large, while when charging a product with 
a gravity of from 1° to 2° A. P. L., gas production 
is much less. This plant produces only about 11 per- 
cent of gas, based on the original charge, when proc- 
essing the heavy tars to coke. This gas is not wasted, 
as it is consumed as fuel in the coking ovens, the 
pipe still and at various other parts of the refinery. 

During the summer overhaul of the coking ovens, 
several changes were made in the method of firing. 
Each oven is now equipped with double-end fired 
burners, 9 in each group, each of which discharges 
into a separate combustion chamber about 10 x 12- 
inches and 15 feet in length, extending to the center 
of the oven where they converge to a common flue 
duct to the stack. It was found to be very difficult 
to maintain a uniform temperature the entire length 
of the oven when fired from one end only. Local 
overheating was found to be centered directly in 
front of each burner, with diminishing temperatures 
as gases traveled back through the duct. The tem- 
perature differential being found to be as much as 
600°F. from the burner outlet to the back of the duct. 
Each oven was also equipped with a blower and 
necessary air duct piping to insure a positive and 
theoretical amount of air for proper combustion of 
gases. Each combustion chamber was equipped with 
a flue gas recirculator system designed so the amount 
of gases to be recirculated could be individually con- 
trolled. It is now possible, with proper adjustments, 
to maintain an even temperature throughout the 
length of the combustion chamber, allowing a more 
even and rapid heat transfer to the coke bed above. 


Final movement of coke from the plant is on this conveyor. 
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Boiler Feed-Water Level 


HE boiler battery is the heart of the gasoline 

plant. A steady, dependable supply of dry steam 
at constant pressure is vital to operating a plant at 
maximum efficiency. If steam is used as a means of 
circulating the absorption oil, either a slight drop in 
pressure or an increase in the moisture content will 
slow down the circulation rate. Even a slight change 
in the rate of oil circulation will adversely affect ex- 
traction far beyond any accounting through known 
laws governing absorption. 

Many years ago it was the writer’s privilege to 
be engaged in some of the first experimental work 
done in California in connection with the absorption 
process. He was operating a miniature absorption 
plant containing all the units of a modern installa- 
tion, with the exception of a stabilizer. A very capa- 
ble mechanic was provided as an assistant. He was 





Control... 


J. A. CAMPBELL* 


save, possibly, the oil-rate chart. This was not as 
smooth as it might have been. Since reciprocating 
pumps were used for oil circulation, the boilers were 
checked for constant quality of steam and uniform- 
ity of pressure. Formerly these boilers had been 
equipped with automatic feed-water level controllers. 


supposed to control the fire under the still, hold a However, since the manufacturer had gone out of 
steady oil rate, drain the water, gauge the produc- business and no repair parts could be obtained, the 
tion, hold a steady back-pressure, and keep the gas apparatus in time required all the attention common 
engine running. And keeping the gas engine running to orphan products. Pampering in this particular 
in those days was more of an art than a routine, as_ case called for regrinding of the valve seats until 
it is today. It is obvious that this assistant, in addi- they were entirely worn out. At length the inevit- 
tion to being a mechanic, was a back-pressure regu- able happened; the regulators were taken out of 
lator, thermostatic controller, and pump governor— service and the boilers were operated once more by 
all in one. hand control. 
It was the duty of the writer to record periodically Self-preservation is the first law of nature, so it is 
all temperatures, pressures, and rates; and at the end natural for any fireman to carry his water high for 
of the run to compute the results. Very soon, how- safety. High water, nevertheless, means wet steam, 
ever, it was learned that the factor more responsible and wet steam slows down pumps, cuts lubrication; 
than any other for erratic results was a varying oil Wears out liners, rings, and pistons; and plays havoc wa 
rate. Decided variations in extraction would occur in general with packing. Moisture in steam has no poi 
even when circulating at a very high oil-gas ratio. latent heat value and is conducive to leaks and pipe at 
As a result of this discovery, the routine soon de- disintegration, and throws an extra burden on sepa- ley 
veloped into the writer taking over all the duties of _Tators and traps. tur 
his assistant so that that worthy gentleman might When water rises too high in hand-operated boil- 356 
sit on a nail keg from nine in the morning till three ers, it is customary for the operator to blow the q 
in the afternoon, with one hand on the control valve boiler down—a procedure that not only causes a anc 
and the other holding a stop-watch. Each minute’ great waste of water, but a waste also of all the heat of | 
would see the same number of gallons of oil, to the built up in that water. Let 
second decimal point, pass into the absorber. With further reference to the boilers mentioned, tw 
One of the largest factors in maintaining steady they are equipped with high-and-low whistle alarms ing 
steam flow is steady boiler feed. The best assurance of the float type. But the upper float is set so high ins 
of dry steam in your main is the carrying of a steady that wet steam results before the whistle will sound. atic 
low level in the gauge glass. If the level rises very slowly, enough water will ing 
Mechanical design in general has undergone vast Prime over to take care of the excess, and a boiler thr 
improvement within the past ten years. Great prog- Will carry for hours, delivering wet steam, yet with the 
ress has been made in well drilling, in absorption the level just short of the whistle point. up] 
plant and refinery design, in automatic pressure and It was decided that what was needed was a new bei: 
temperature control, and in the design of apparatus design of regulator, more sensitive and more posi- mit 
and equipment having to do with all manner of in- "VY than any then available on the market. Conse- to 1 
dustrial processes. quently, we set out to design such a regulator. to | 
As the basic principle of the new design we tub 
ERATIC VARIATIONS IN EXTRACTION adopted the inclined thermostatic tube, primarily be- I 
NN i se aasties became ver rl cause of the latent power available for the motiva- ® 
. . ° a Oets y muc tion of the feed-water valve. This power is restricted ; 
concerned over the erratic variation in the extraction only by the elastic limit of the metal utilized. Since - 
curve of a gasoline plant under his supervision. Hav- the affectiveness of a thermostatic tube depends on r 
ing checked everything through the absorption plant, its terminal temperature difference, the initial step he 
it was found there was nothing to indicate the cause, was to install a simple tube, equip it with thermom- dro 
* Presented before the January, 1937 meeting of the California Nat- eters and determine what this difference was. Such ® 
ural Gasoline Association, Los Angeles. a tube, 42 inches in length, with a slope of 1 to 12, me! 
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Showing installation of control on 
one of nine 85 horsepower fire box 
boilers in gasoline plant. 


was set up, with the water level cutting its mid 
point. The boiler was of 150 horsepower, operating 
at a pressure of 145 pounds, carrying. a 3%-inch 
level in a 12-inch gauge-glass. The average tempera- 
tures, taken hourly over a %2-hour period, were 
356° F. at top of tube and 268° F. at bottom. 

This 88 degree difference seemed surprisingly low. 
and accounted for the poor performance of this type 
of regulator. Just why was this difference so slight? 
Let us analyze the situation. Obviously, there are 
two contributing factors. First, the steam lead com- 
ing down from the top of the column is usually un- 
insulated, and, being a small line, permits condensa- 
ation of a considerable amount of steam. The result- 
ing hot water has no path to follow, other than down 
through the thermostatic tube. As a consequence, 
the lower end heats up. Second, the steam in the 
upper end of the tube heats it very hot, and, brass 
being and excellent conductor, this heat is trans- 
mitted to the lower end. The only off-setting factor 
to nullify this tendency of the lower end of the tube 
to heat up is the small amount of radiation from the 
tube’s surface. 

In an effort to correct this condition, we designed 
an upper end-casting with a catch-pocket under- 
neath, and ran a copper tube from this drip entirely 
around the thermostatic tube, connecting it with the 
water return at the lower end. This hot by-pass 
dropped the temperature of the lower end of the 
tube 31° F. Encouraged by this marked improve- 
ment, and observing that our level now stayed with- 


February, 1937—A Gulf Publishing Company Publication 


in the range of the middle 16 inches, we decided to 
drain the upper 12 inches of the tube. This reserve, 
which is normally filled with steam, condenses a con- 
siderable quantity of hot water. By cutting in a drip- 
pocket 12 inches down and connecting it to the 
hot by-pass, we gained another 19 degrees. However, 
the lower end was still running hot, owing to the 
conductivity from the steam. We attempted to cut 
off this transfer by inserting an insulating flange 
about 14 inches from the lower end. The results were 
disappointing, in that the terminal temperature was 
lowered only 11 degrees. It was difficult to find any 
material for the gasket with a low coefficient of 
heat transfer, yet possessing sufficient mechanical 
strength to be safe. Abandoning the idea of cutting 
off this heat, we decided to dissipate it by the ap- 
plication of fins to the lower section. 

This idea called for considerable experimentation 
with different types and diameters of fins and with 
variation in their spacing. The thickness of the metal 
has a decided bearing on radiation. One must com- 
promise between thinness and mechanical strength. 
We finally developed a very thin fin, corrugated to 
meet strength requirements. Obviously, the heat- 
dissipating surface was materially increased. 

The first experiments in finning brought forth 
some surprising discoveries. The concluding experi- 
ments resulted in a fin so spaced as to lower the 
terminal temperature another 100° F. We now had 
a tube two and a half times as sensitive as the sim- 
ple brass pipe, and the next consideration must be 
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given to the method of applying its changes in 
length to feed-water valve motivation. 

The cantilever principle offers two decided advan- 
tages. First it permits considerable multiplication of 
the length changes depending on the ratio of spread 
of the two members to their length and the trans- 
lation of this multiplied length change into vertical 
movement. Second, there is the increment in ex- 
posed, or flooded, tube length, secured by raising or 
lowering the tube. 

We adopted 42 inches as the tube length, and fixed 
the slope at 1 to 12. The spread is such as to give 
a multiplication of 8. 


FEED-WATER LINE VALVE 


The next movement was to determine by experi- 
ment the proper type and style of valve to use in the 
feed-water line. After trying out various types, it 
was decided to use a single-seated, beveled-disc lever 
valve. This valve gives a positive shut-off and, in this 
respect, is preferable to a balanced valve, because the 
latter, to shut off perfectly, must be adjusted to a 
rather narrow range of feed-water temperature. 
There is ample power in the thermostat to close the 
valve against the differential pressure, which is 
small, usually between 20 and 50 pounds. Most of 
the boiler batteries in the industry, except on drilling 
wells, use governors on their feed pumps, which are 
set within this range. We have, however, success- 
fully operated the controllers on drilling wells with- 
out governors when the firemen insisted on opening 
wide the steam throttle valve on the pump, and the 
pump when the rotary is idling, will build up pres- 
sure against the valves of over 400 pounds. 

When we had completed the development work 
and had a regulator with which we were satisfied, 
we built nine of them and installed them on the 
plant boilers. Levels were set at 3 inches in the 
glasses and, with no other changes in the plant or in 
the field to account for it, the extraction increased 
one-tenth of a gallon. This meant a production in- 
crease of 1200 gallons per day. We have effected 
savings in water, fuel, and pump maintenance, and 
the steam output of the boilers is steadier than it 
has ever been, as is evidenced by the almost perfect 
circles recorded on all the operating charts. 

Very small valves are used. Regulators in which 
the valve stem is attached directly to the tube can 
open the valve an amount only as great as the actual 
expansion in the tube. Since this amounts to only 
a few thousandths of an inch, relatively large valve 
must be used in order to secure enough peripheral 
opening to permit passage of the required amount 
of water. The high velocity through this narrow 
slot is conducive to wire drawing and scoring of the 
valve and seat. When bad water conditions obtain, 
there is danger of complete stoppage through liming 
up. With thermal efficiency increased to over 2% 
and a mechanical advantage of 8 through utilization 
of the cantilever principle, the controller has more 
than twenty times as much movement available for 
valve operation. Consequently we can employ a 
much smaller valve and open it to a considerable 
extent. A %-inch single-seated valve is ample for 
feeding a 150-horsepower boiler with a 20-pound differ- 
ential; that is, with 20 pounds greater pressure on the 
pump discharge than that shown on the boiler pres- 
sure gauge. For two reasons we do not use any size 
smaller than a 1 inch body. First, small piping to 
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the valve is not sufficiently rigid and is likely to give, 
introducing lost motion between the thermostat and 
the valve, which lessens sensitivity. Second, a %- 
inch valve in a 1!4-inch or 2-inch line looks out of 
proportion and takes a lot of explaining. However, 
anyone with experience in hand-firing a boiler knows 
that it takes only a few notches on the wheel to meet 
the full steaming requirements when a full-line size 
valve is used, and veteran firemen often cut in a 4%- 
inch or 3/8-inch globe throttle as a by-pass around 
the feed valve for fine adjustment. With a 25-pound 
differential, a 14-inch single-seated valve, open 1/16- 
inch, will pass sufficient water to meet the full load 
on a 150-horsepower boiler, and, with sufficient 
movement to open it %-inch, an ample factor of 
safety is provided. 

Every boiler set-up presents a different problem in 
level control. Engineers are learning the value of 
close control in all branches of industrial activity. 
Several years ago we ordered back-pressure regula- 
tors by merely stating the line size and the pressure 
we wished to carry. If we got within five pounds of 
our objective, we thought we were doing very well. 
Today the sales engineer whom we contact wishes 
to know what the throughput is in nature and quan- 
tity, whether the flow is steady or fluctuating, if it is 
corrosive, whether or not at times we wish complete 
shut-off, and other pertinent information. Supplied 
with this information, the sales engineer will deliver 
a regulator that will hold steady pressure and record 
on a chart a perfect circle. 

So it is with boiler feed-water level control. If you 
are satisfied with a 3-inch variation, manufacturers of 
controllers can say: “Here she is, boys; stick her 
on.” But if you want to hold levels within a quarter 
of an inch, there are a lot of factors that must be 
taken into consideration. We should know whether 
it is a single boiler or a battery. If it is a single boil- 
er, a very small lever valve may be placed in the 
steam line to the pump and controlled by the themo- 
stat. With this set-up no pump governor is needed, 
since the pump speed at all times is just fast enough 
to meet the steaming requirements. If the plant con- 
sists of more than one boiler, a controller is set on 
each. A pump governor, while not absolutely neces- 
sary, is desirable, because of the saving effected in 
fuel, wear and tear on liners, pistons, rings, packing, 
and gaskets. From a safety angle, also, they are 
highly desirable, since most boiler-feed pumps are 
capable of delivering against 400 pounds, which is 
rather high for 200-pound and 125-pound fittings, 
which are often used. We should know whether the 
boiler is fire-box, H. R. T., or water-tube, and wheth- 
er the load is steady or fluctuating. For extremely 
steady loads we reduce the movement between the 
thermostat and the valve. For moderately varying 
loads we connect direct, and for widely fluctuating 
loads we multiply the action. These variations are 
attained by attaching the rod from the thermostat 
to different points on the valve levers. 

If the water is especially bad we recommend a 
valve with stainless steel trim, more expensive, but 
at times well worth the difference. 


SETTING OF REGULATOR 


More important than anything else, perhaps, is the 
proper setting of the regulator. This does not pre- 
sent any problem on H. R. T. or water-tube boilers, 
since these are always equipped with water columns. 
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Locomotive type, or fire-box boilers, as they are 
called in the oil fields, have no columns, The gauge 
glass fittings tap the ‘boiler shell above the crown- 
sheet through the head. For some unknown reason, 
somebody started the practice of tapping in the re- 
turn line for water regulators down on the side of 
the water leg. You will find this the case with most 
of the field boilers that have ever been equipped with 
regulators. This tap-in is often as much as 20 inches 
lower than the lower gauge glass fitting. Sometimes 
this tap-in is in the front, but usually from 10 to 18 
inches lower than it should be. The improper loca- 
tion of this tap has been responsible to a large ex- 
tent for the poor performance of thermostatic con- 
trollers on fire-box boilers. Assuming that this water 
return is tapped in 20 inches below the bottom gauge 
glass fitting and that the gauge shows the level 3 
inches in the glass, if the boiler is steaming heavily, 
the froth level in the boiler is approximately 1 inch 
higher. The water in the boiler is full of bubbles of 
steam and is frothed up about 20 percent higher 
than the stable balancing column in the gauge glass. 
Now if we tap in at a point 24 inches below the level 
in the gauge glass and run a line up outside the 
boiler and connect it with the steam space, the level 
in this line would be 5 inches below the level inside 
the boiler. 

There are undoubtedly some of you who have 
tested gas by means of the Newton tester. Do you 
not remember how you carefully filled the barrel 
with so many cc.’s of mineral-seal oil and set the 
movable gauge with the “zero” at the level in the 
gauge glass? Then do you recall how, as you turned 
the gas in, this level took a sudden drop? Surely, 
there was the same amount of oil in the barrel as 
before. In fact, there was a little more, for some of 
the oil in the glass had disappeared and had no place 
to go, save into the barrel. But the oil in the barrel 
was frothed up and its weight was partially sup- 
ported by the buoyant effect of the rising bubbles. 
Consequently its static head could be balanced by a 
lower head of unfrothed oil. 

This same effect takes place in the boiler. If under 
the foregoing conditions we set the regulator as we 
would for an H. R. T., where the water column and 
the controller each have the same connections when 
the boiler was steaming heavily, the water would 
draw down entirely out of the tube, opening wide 
the feed valve; and it would not shut off until the 
water was out of sight above the top of the upper 
fitting. The only remedy for a case like this is to set 
the regulator 5 inches low. But then the level in 
the tube, provided the load varies, will run over a 
wide range, even assuming it remained constant in 
the boiler gauge. Such a condition makes for poor 
control, even with a good regulator. 


For steady level control, the water return should 
tap into the boiler at the same level as the lower 
gauge glass fitting. 

In line with usual practice, we have provided a 
bow-down in this water lead in the form of a T, with 
a valve to atmosphere. It has been the practice to 
periodically close the valve in this line next to the 
boiler and open the blow valve to the atmosphere. 
This procedure sweeps steam through the entire 
length of the tube. It does, on starting up a boiler, 
eliminate all air, which, of course, would insulate the 
tube from steam condensation and prevent its work- 
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Typical set-up on 70 horsepower horizontal 
return tube boiler. 


ing. In my personal opinion, the value of blowing 
the regulatcr at short intervals is questionable. If 
the level is properly controlled and the boiler is not 
priming, comparatively pure water condensed in the 
steam lead and the upper working reserve runs down 
the by-pass and returns through the water lead to 
the boiler. If you blow the system down from a valve 
located near the point of return to the boiler, you 
lose all this clean condensed water and replace it by 
a back-flow of dirty concentrated water from the 
boiler. I am not convinced that it is not better to 
blow the tube at intervals of several days. 

Of course when the steam lead and return are 
connected to the water column, blowing the latter, 
which is essential routine, will blow the regulator. 
and the blow-valve is not necessary. 

In any case, when the tube is blown with steam, 
it should be shut off very quickly after the steam 
comes out; since, if allowed to pass through for any 
length of time, the steam will heat up and fully 
expand the tube. In expanding, it opens the valve 
and raises the level before the tube can cool down 
again through radiation. 

Now let us check into the mathematics involved, 
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since this reveals some very interesting facts. To 
gather these data we set up the latest improved 
model of the controller on a 150-horsepower H. R. T. 
boiler. Just one half-inch below the middle of the 
tube a thermometer well was brazed in, a great deal 
of bronze rod being used to get a true tube tempera- 
ture, rather than the contents temperature. Three 
inches below the point was a similar thermometer 
well, and one at each end of the tube. A 42-inch 
gauge glass was connected in, running the full 
length of the tube, with its fittings tapping into the 
two end-castings. 

The first readings were taken with the level at 
3% inches in the boiler gauge glass, which brought 
the level in the inclined long glass at the exact cen- 
ter, or one half-inch above the upper of the two in- 
termediate thermometers. 

The temperatures of the four thermometers, read- 
ing down from the upper end-casting, were, 358° F., 
297° F., 268° F., and 147° F. 

Next, the control valve was adjusted so as‘to drop 
the level exactly 3 inches in the inclined glass. Since 
the slope is 1 in 12, this should drop the level in the 
boiler one quarter-inch. But it does not, however. 
When the end-casting rises, the slope is increased. 
This increase causes the level to run farther down 
the tube. The reverse occurs on a rising level, which 
flattens the slope and causes the water to run out 
farther, and so cool more of the tube than would be 
exposed by a fixed slope. This is a decided advantage 
of the cantilever design, and is one of the reasons 
why it was adopted. Since the intermediate ther- 
mometers were spaced just 3 inches apart, dropping 
the level in the tube 3 inches brings the lower end 
of the thermometer into the same relative position to 
the water level as the other occupied at the 3-inch 
higher level. 


Now, we take our new readings, and get, respec- 
tively, 358° F., 324° F., 288° F, and 160° F. From 
these two sets of figures we learn that the arithmeti- 
cal mean average increase in temperature of the 3 
inches uncovered by the water and exposed to steam 
was only 23.5° F., and the mean rise for the lower 
18 inches, which in both cases was filled with water 
is 16.5° F., and for the top 21 inches, which in both 
cases was filled with steam, is 13.5° F. The coeffici- 
ent of expansion of the tube material is .0000105; 
and multiplying out, we find the actual expansion of 
the three sections in inches, and in the foregoing 
order to be .00074025, .00311850, and .00297675. The 
total of these is .00683550, or a trifle less than .007 of 
an inch. I believe it is a surprise to most of us to 
learn that only a little more than ten percent of this 
expansion occurs in the 3 inches which changed from 
a water contact to a steam contact. It was a surprise 
to me to learn that the tube temperature as much 
as 3 inches below the water level was so high. This 
is the effect of conductivity. Another interesting 
observation is that on checking the second set of 
readings we see that the upper of the intermediate 
thermometers, even though measuring tube tempera- 
ture 3 inches above the water level and at a point 
where you would expect the steam to be up to full 
saturation temperature, records a temperature of 34° 
F. lower than the steam temperature in the end-cast- 
ing, and this latter is not even up to saturation tem- 
perature. This is a result of heat dissipation through 
conductivity. 

Getting back to our mathematics, we found total 
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expansion of .0068350 inches. Since this is multiplied 
by 8, through cantilever action, the end-casting 
moves up eight times this amount, or .05468 inches. 
Now, raising the end of the tube .05468 inches will 
raise the tube at the water level 18/42 of this 
amount, which will cause the water to run down the 
tube approximately %-inch. So, had we lowered our 
level in the boiler glass a full %4-inch, we should 
have exposed 3% inches of tube to the steam and 
should have increased our total movement by 1/12 
up to approximately .06 inch, or a little less than 
1/16 inch. As nearly as we can measure this actual 
amount, it is 1/16-inch for 4-inch change in boiler 
level. 

Any slight discrepancy here is easily explained 
by the fact that the true mean temperatures are not 
arithmetical means, and our slope increment changes 
the slope ratio, thus introducing a slight correction. 
For all practical purposes the mathematics is close 
enough and, to me at least, was very enlightening. 

It will be noted that the lower end temperatures 
in this series are somewhat higher than those in the 
%2-hour test. These were purposely taken in the 
middle of the day when it was hot, with no breeze 
stirring, so as to determine the movement available 
for valve operation under the most adverse con- 
ditions. 


After developing a regulator with such potential 
movement of the valve mechanism, it was logical 
that we utilize this movement in operating a high- 
and-low whistle alarm. If you can hold a very con- 
stant level in your gauge class, the whistle will blow 
only when something goes wrong. For instance, if 
the feed pump should lose suction or stop from 
mechanical failure, the whistle will blow for low. 
Should pump packing, or any other foreign matter, 
become caught between the disc and the seat of the 
valve so as to prevent its closing, the level will build 
up and the high whistle will blow. Since these con- 
ditions are unusual, the whistle may not blow for 
months or years at a time; but when it does, it may 
prevent the necessity of retubing the boiler or re- 
placing a plate. 

The simple mechanism devised permits the setting 
of the valve trips so close that a variation of a half- 
inch from normal will sound the whistle. Also, they 
may be set so as to be independent, permitting more 
variation on one than on the other. The adjustment 
is simple, and is fixed by setting a jam-nut. Equipped 
with this device, a boiler will whistle for high water 
long before the level has gone up sufficiently to 
produce wet steam. It can be adjusted to whistle for 
low, with only a slight drop below normal, thus af- 
fording the attendant an opportunity to correct the 
difficulty before he loses sight of his level in the 
bottom gauge. 


ADVANTAGES OF SYSTEM 


The advantages of this system are apparent. First, 
it is fool-proof. Movement of the operating mechan- 
ism is inevitable if the water level rises or falls in 
the tube. By-passing or completely removing the 
level-control valve still leaves the whistle in opera- 
tion. All parts are outside and so are accessible at all 
times. A complete range of adjustment is provided. 

When the alarm is installed, steam for the whistle 
must be taken from a source other than the steam 
lead to the controller. Even the small flow of steam 
necessary to blow the whistle will reduce the pres- 
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sure in the upper end of the tube, and the full boiler 
pressure below will force the water up the thermo- 
static tube and chill it off. If whistling for high, the 
whistle will blow continuously and keep the water 
valve shut off till the boiler is dry. If whistling for 
low, the whistle will give one short blast, then the 
water will rush up the tube, chilling it and shutting 
off the whistle. This performance allows the water 
to run back and the tube to heat up, blowing the 
whistle again, and repeatedly at short intervals. 

This source of steam for the whistle should be 
from a point in the boiler shell or water column, 
slightly below the connection in the whistle head, 
so as to drain back any condensate to the boiler. 
Otherwise, a small slug of hot water may shoot out 
when the whistle valve is first opened. 

When a rotary is in operation, it would be hard 
to hear even a locomotive whistle from the derrick 
floor. This condition prompted the signaling by 
means of lights. Two small Mercoid switches are 
mounted adjustably on the lower whistle arm. The 
electric leads from these on each of the boilers in 
the drilling battery are connected to a three-wire 
system running to the derrick floor. Here two vapor- 
proof lights are mounted, a red one for low water, 
and a blue one for high water. If any one of the 
boilers develops low water, the red bulb lights. If 
any one runs high, the blue light goes on. With this 
system the driller has a complete check on boiler 
performance. The adjustment on the switches can be 
made independent of the whistle, either more or less 
sensitive. With this arrangement, the whistle and 
the mechanism can be eliminated, since only one arm 
is necessary for the tilting of the Mercoids. Or elec- 
tric horns may be used, or any combination of light 
and horns. The power, a simple 110-volt lighting 
circuit lead, can be cut in at any point between the 


Battery of nine 85 horsepower boilers in 





derrick and the boilers. Provision is made for check- 
ing at any time the performance of both the whistle 
and the electric signaling. 


There is one more point I should like to stress 
with regard to the action of the fins. When the regu- 
lator is properly set: as the level drops in the gauge 
glass, all the water will run out of the tube before 
the level is down out of sight. This draining fills the 
entire tube, including the finned section, with steam. 
The radiation from the fins releases large quantities 
of latent heat, which heat the tube very hot. This 
heating causes an extreme opening of the valve, thus 
making it impossible to burn a boiler, so long as. 
water is available at the proper differential. 

There are many applications for the boiler other 
than in boiler-feed regulation. They are being used 
successfully for discharging condensed steam from 
evaporator and stabilizer reboilers. The condensate 
is discharged at a rate equal to that of formation. 
and no steam blows through. For such service we 
recommend stainless-steel-trimmed valves, or, if the 
service is especially severe, we Stellite both valve 
disc and seat. 

It can be used advantageously for liquid-level con- 
trol in any location where, above the liquid, there is. 
a hot gaseous component capable of heating the up- 
per end of the working tube. It is especially suited 
for maintaining a level in stabilizers or reboilers. 

Another application we have* made, utilizing the 
cantilever principle but eliminating the fins, is in 
controlling the gas fire under a small retort in a 
continuous oil re-conditioning plant. In this installa- 
tion the entire oil flow from the retort passes 
through the length of the tube, and the multiplied 
expansion and contraction effect closely regulates 
the temperature of the oil entering the small frac- 
tionating column. 


gasoline plant equipped with new controls. 
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Modern Design Ia: Nene 


Monte Bello Gasoline Plant 


OLLOWING extension to the old Monte Bello oil 
field north of Pico, California, Universal Oil Com- 
pany, with Richfield Oil Company built an absorption 
gasoline plant to process the gas produced with the 
oil from partnership wells. A greater part of the plant 
was made up of new material, especially the com- 
pressors and distillation equipment. The engines, 
vertical three-cylinder, two-cycle units, were among the 
first of this type to be installed in gasoline plants, being 
the fifth, sixth and eighth of the series manufactured. 
One of the first pronouncements delivered by both 
companies to the designers and builders was that the 
plant must be built so the investment would be returned 


quickly, and should contain no equipment not absolutely 
necessary to efficient operation. Gas being produced un- 
der low pressures dictated that it must be brought in 
with compressors, and the fuel situation decided that 
the residue must be compressed sufficiently that it could 
be introduced into pipe lines for transmission to other 
parts of Southern California. 

Several types of gas engine-driven compressors were 
considered, keeping in mind that some time in the 
future they might be moved to other fields and those 
desired must be compact enough to permit trucking 
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easily and with the least amount of dismantling. The 
engines selected have power cylinders 13% x 14 inches, 
placed vertically above the bed plate, with the com- 
pressor cylinders laid horizontally. Each engine is 
equipped with two cylinders, having a bore and stroke 
of 17x14 inches, respectively, while the third, for 
medium high pressure work, was smaller in diameter, 
being 11 inches inside. 

Two of these machines were installed in the plant 
with their backs facing each other, with sufficient space 
provided in the building for the fourth unit, which 
may be installed in the same manner and backed up to 
the third unit. The foundations for each engine rests 


« 


Interior of engine room, 
Universal Oil Company’s 
gasoline plant, Pico, Cal. 





upon a concrete mat, poured to cover the entire floor, 
sufficiently strong to support the engines without the 
need for deep excavations. The character of the soil in 
this part of California is such that water may be se- 
cured by digging shallow wells, which was partly re- 
sponsible for the type of foundations decided upon. 
These engines obtain lubrication by forced feed 
throughout, with the oil circulated through external 
coolers to maintain low temperatures. Each engine is 
equipped with an individual oil cooler, which is of the 
shell-and-tube type, mounted upon the foundation block 
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beside the unit. Water is circulated through the coolers 
to obtain the required temperature on the lubricating 
oil. 


Intake headers were supported above the compressor 
cylinders, with short nipples between them and the con- 
trol valves, which are of the ball bearing, venturi type 
of lubricated plugs. Two welding ells were used, with 
a reverse curve made by inverting the turns, so that 
the headers might be connected to the intake ports, and 
not be directly above them. The lubricated plug valves 
have flanged bodies so removal is made easily, should 
repairs or replacement be required. Safety valves are 
installed on each side of the unit, attached to risers 
welded to the discharge headers with the vent line lead- 


Universal Oil Company’s gasoline plant in the Monte Bello 
extension, north of Pico, California. 





ing through the roof of the building to disperse the gas 
to the atmosphere when the valves function. 

Due to the fact that the soil in this vicinity is some- 
what sandy, and the wind currents vary during the day, 
a certain volume of abrasive material is carried by the 
air, which when taken into the compression chambers 
of the power cylinders, might cause excessive wear. To 
intercept this material, air filters were installed on each 
line, which were installed at the eave height of the 
building. These cleaners are of the oil type, utilizing 
a combination of centrifugal force and washing. 

The absorption and distillation equip- 
ment consists of units employing the 
usual type of flow, with the absorber 
4 feet in diameter, by 40 feet in height. 
Circulation is obtained by using steam- 
driven reciprocating pumps, which 
handle rich and lean oil and cooling 
water. The conventional type louvre 
tower is one of the few pieces of equip- 
ment that is not new, but when dis- 
mantled at the point of previous oper- 
ation, it was found to be sound and in 
good mechanical: condition. 


After passing the gas through the 
absorber to remove the desired hydro- 
carbons, approximately 1.00 gallon per 
thousand cubic feet, the residue is taken 
into the small bore, high-pressure cylin- 
ders of the engines and pumped into 
the transmission line of one of the gas 
companies operating in that district. 
Approximately 125 pounds are required 
to dispose of the surplus fuel. 





Intake header 
arrangement, 
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OLYMERIZATION, an important factor in re- 
fining processes, has been known from the begin- 
ning of the oil refining industry. The first distillation 
processes encountered a great deal of difficulties 
which were but the results of polymerization reac- 
tions of certain hydrocarbons. During long heating 
of the crude in shell-stills certain higher molecular 
weight hydrocarbons were subjected to decomposi- 
tion; these split-up hydrocarbons then underwent 
polymerization, forming larger molecules. Oil tech- 
nologists have been searching for methods to avoid 
these difficulties. Studies encouraged the develop- 
ment of more efficient distilling methods, and the 
continuous shell-still battery came into use, and with 
it came dephlegmators, partial condensers, baffle 
towers, and other inefficient types of rectifying ap- 
paratus. With the adoption of the bubble-deck and 
the controlled reflux tower, rectification reached a 
high degree of efficiency. The shell-still with its rec- 
tifying column was supplanted by the tube-still, and 
the modern fractionating column, which provides not 
only rectification, but stripping as well. But even 
with the most efficient distilling apparatus, it was 
found that the characteristiés of the product were 
governed by the nature of the crude from which the 
product was produced. It is true that the easily poly- 
merizable higher molecular weight hydrocarbons are 
not so easily split up, under the new distilling con- 
ditions, but they are subjected to other reactions 
during long standing; these reactions induce the 
formation of compounds of asphaltic and resin-like 
nature. In other words, these hydrocarbons cannot 
be separated from the other hydrocarbons by means 
of distillation, due to their similar boiling-point 
ranges. 

For this reason technologists have undertaken con- 
siderations for chemical removal of all impurities 
from the oil, which ordinarily decreases its value. 
Sulphuric acid will be the first reagent discussed, 
and it has been most widely used since the begin- 
ning of the refining industry. The treatment of oils 
with sulphuric acid was introduced for refining ani- 
mal and vegetable oils, and in 1792 was adopted for 
refining “coal oils” by Tower in England’. Since the 
beginning of the refining of oils, about 70 years ago, 
this acid has been applied to the purification of 
various petroleum products. 

However, the chemical treatment with sulphuric 
acid leads to polymerization of certain hydrocarbons. 
The unsaturated hydrocarbons with double or more 
linkages tend to saturate their free linkages. When 
adding the above-mentioned acid to unsaturated 
hydrocarbons an acid ester is formed in the first 
phase; this additional product subsequently reacts 
with another molecule of the olefin to form a poly- 
mer. But there are certain hydrocarbons which are 
able to polymerize without using sulphuric acid. For 
instance, the cyclo-pentadiene, C;H,, polymerizes at 
room temperature into di-cyclo-pentadiene, C,,H,,; 
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when increasing the temperature, the above-men- 
tioned di-cyclo-pentadiene further polymerizes to a 
product which is a hard resin, similar to “sea amber.” 
Styrol, C,H,, polymerizes so energetically that con- 
siderable heat is liberated. 

But the majority of unsaturated compounds are 
not able to polymerize without using a catalyst— 
such as sulphuric acid. Zaloziecki and Zielinski? car- 
ried out investigation on Polish crude, free from as- 
phalt, which had a specific gravity of 0.8539/15C., 
using 5 percent of sulphuric acid. After a period of 
80 days, the formation of considerable asphalt had 
occurred. These investigators proved by the experi- 
ments that tars, pitches, coal and coke are products 
of polymerization. In the coupling of a simple sugar 
to form the cellulose of cotton or wood fibres, or the 
conversion of silicic acid to common quartz sand, 
aluminum hydrate to bauxite, ruby or the sapphire, 
and in the manufacture of Bakelite or similar syn- 
thetic resins, water is split-off during the coupling 
reaction. But in the case of the refining of hydro- 
carbons of unsaturated nature, we have polymeriza- 
tion reduced to its simplest terms—that is, nothing 
is split-off during the reaction. That, then, is true 
polymerization. 

Polymerization may be defined as the union of 
two or more molecules of a substance to form 4 
larger molecule, the latter being called a “polymer.” 
A search of the literature on polymerization reveals 
that there are two plausible theories or explanations 
of the mechanism of polymerization of unsaturated 
hydrocarbons. The first theory was proposed when 
technologists were studying the mechanism of sul- 
phuric acid refining of hydrocarbon oils of unsatu- 
rated nature, viz., that sulphuric acid first forms an 
ester, such as alkyl sulphuric acid (acid ester) by 
addition; this addition product subsequently reacts 
with another molecule of the unsaturated hydro- 
carbon to form the polymer. The sulphuric acid 1s 
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liberated, and theoretically may go through many 
cycles. The second theory is called the “partial val- 
ence” theory. According to this theory, the doubly- 
linked carbon atoms have partial valences or resi- 
dues of free affinity. The further assumption is made 
that the molecules contain a mobile or labile hydro- 
gen atom which shifts from one molecule to the 
other, thus permitting polymerization. This explana- 
tion may account for polymerization in the presence 
or absence of catalysts where no addition compounds 
are formed. According to either of the above theories, 
two unlike molecules may also react—thus explain- 
ing the formation of the higher polymers. Under 
certain conditions the saturated and cyclic com- 
pounds are able to combine with concentrated sul- 
phuric acid, being transformed to acid esters. This 
reaction causes certain quantities of the above-men- 
tioned hydrocarbons to enter into polymerization 
with other unsaturated hydrocarbons. If we now 
inspect, for the sake of comparison, the behavior of 
hydrocarbons during refining with concentrated sul- 
phuric acid, we will find that this process shows a 
great number of very undesirable features. First of 
all, it must be stated that during refining in this 
manner certain sulphonic acids are produced which 
cannot be eliminated from the oil due to their in- 
solubility in water and their solubility in oil. These 
sulphonic acids are able during long standing, or 
during the lubrication of an engine in the case of 
motor oils, to polymerize and act on other hydro- 
carbons as catalysts for their polymerization; the 
reactions produce in consequence the formation of 
tars, asphalt and coke in the engine. Furthermore, 
there are certain hydrocarbons which possess a high 
degree of “oiliness” properties; these compounds are 
soluble in concentrated sulphuric acid. Refining with 
this acid leads to large losses and does not produce 
an ideal lubricating oil. Investigators have therefore 
been searching to find methods which remove all im- 
purities from an oil without the attendant polymer- 
ization reactions in the past. They have displayed 
an increasing activity in the physical-refining field, 
which has resulted in the development of several 
solvent-refining processes. This new method is based 
on the fact that saturated hydrocarbons are insol- 
uble in the proper type of solvent. In other words, 
the naphthenic, aromatic, asphaltic hydrocarbons, 
as well as sulphur and nitrogen compounds, and 
impurities in general, are soluble in the solvent. 
Of course, such physical extraction causes no poly- 
merization to take place, and therefore such treated 
oils have been shown to be well balanced, high 
grade lubricating oils, capable of resisting oxidation, 
sludge formation, carbon deposition, and extreme 
viscosity-temperature variations. Physical refining as 
an auxiliary step in the manufacture of special oils 
such as turbine transformer, electric refrigerator, 
airplane, and white medicinal oils and the like has 
demonstrated its high degree of effectiveness. 
However, there are lower molecular weight hydro- 
carbons, such as the gasolines, which usually cannot 
be refined with the aid of the above mentioned sol- 
vent procedure, because the boiling ranges of the 
solvents are quite similar to those of gasolines. 
Therefore, sulphuric acid has been used almost ex- 
Clusively in the refining of light oils. Especially the 
cracked petroleum products must be treated to re- 
move the compounds which are the cause of gum 
deposition; gums which settle out of the cracked 
gasoline in storage tanks, in the motor carburetor, 
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clog the fuel system, and form deposits on the hot 
parts of the engine, on the stems and seats of the 
inlet valves, in the intake manifold, and-so forth, 
and often result in loss in anti-knock properties of 
the gasoline. The chemical nature of gum, as well 
as the mechanism of its formation, has not yet been 
thoroughly explained. But it is accepted by many 
investigators that gum is a product of polymeriza- 
tion reactions. 

Gum is primarily a product of the auto-oxidation 
of unsaturated hydrocarbons, such as the mono, di 
and tri-olefins. The rate of gum formation is known 
to increase with the concentration of oxygen, rise in 
temperature, presence of deleterious substances of 
foreign nature, and with exposure to actinic light. 
The action of atmospheric oxidation in the olefinic 
bonds causes the formation of the peroxide: 
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in the first phase; this then undergoes change into 
aldehydes, ketones, acids, and so forth. Let us now 
present a simple scheme of reaction for the mech- 
anism of gum polymerization: 
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Thus through the medium of reactive oxygen com- 
pounds of type I the per-acid would be regenerated 
along with the hydrocarbon peroxide II, which latter 
can break into an aldehyde and ketone, the aldehyde 
being then further oxidized in the presence of per- 
acid, as follows: 
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The compounds of type III play a minor role in 
residual gum formation. They show an intense pe- 
roxide reaction, but give comparatively little gum. 
The compounds of type I when heated in non- 
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aqueous solution would tend to form glycols, which 
would then polymerize with the expulsion of water 
to form gums. It is seen from the above that oxygen 
plays a very important part as a catalyst in the inter- 
mediate reactions of the polymerization of di-olefins. 
In other words, the ideal or the absolute absence of 
oxygen or oxygen compounds hinders the reaction 
of gum formation. It has been stated by the author 
that when gasoline (cracked) was kept in tightly 
closed bottles out of contact with air there was no 
color change or gum formation to any great extent, 
but that when the same material was exposed to air 
it darkened rapidly and soon deposited gum. To 
prove the correctness of this phenomenon, studies 
using x-rays and ultra-violet light were undertaken. 
Several bottles filled completely and others partly 
filled with the gasoline were exposed to the above 
rays. There was no appreciable effect greater than 
that found with ordinary sunlight; the reaction rate 
in all instances was increased, to be sure, but the 
nature of the change produced seemed to be inde- 
pendent of the light effects. A sample of the gasoline 
from which the air had been carefully excluded did 
not appreciably darken, irrespective of light condi- 
tions, but a sample that had been exposed to air or 
other oxidizing agents had darkened and formed 
gum even when kept in a cool, dark place, though 
not so rapidly as when the sample was exposed to 
light. 

However, the supposition of the author is that 
polymerization of the oxygenated compounds is not 
all that takes place in gum formation. According to 
the opinion of the author, a direct polymerization 
of di-olefins also takes place in gum formation. These 
reactions, of course, take place under proper condi- 
tions. There are certain highly complicated hydro- 
carbons existing in solution in cracked gasolines 
which act as catalysts in the polymerization of these 
di-olefins. It seems that these catalysts are hydro- 
carbons of high carbon content; this carbon is so 
highly unsaturated that it is not able to combine 
with a molecule of a di-olefin in any fixed ratio or 
combination. This reaction is similar to that of 
sulphuric with the unsaturated hydrocarbons. The 
above mentioned unknown hydrocarbon reacts in the 
first place with one molecule of a di-olefin; secondly, 
this combination reacts with the second molecule of 
a di-olefin or olefin; finally, a breaking-up between 
the polymer and the above mentioned higher molecu- 
lar weight compound takes place. These reactions 
cause a lowering of the final yield of gasoline, and a 
degradation in its quality, since a greater amount 
of the valuable anti-knock olefins are removed from 
the fuel by this polymerization process. It is the 
author’s opinion that these higher molecular weight 
hydrocarbons should be removed in the first phase 
of any refining process. 

However, not all types of cracked gasolines con- 
tain the above mentioned compounds which act as 
catalysts in gum polymerization of olefins and di- 
olefins in the absence of oxygen. The type of crude 
used plays a very important part. Moreover, the con- 
ditions of cracking also influence gum formation by 
these type of catalysts. The author has observed that 
the type of gasoline produced in liquid phase crack- 
ing is free of these higher molecular weight hydro- 
carbons, and the above mentioned experiments were 
carried out with a liquid-phase type of gasoline. 
Quite another behavior with vapor-phase gasolines 


has been observed in the absence of air. Here, a 
change of color is noted even when the gasoline is 
allowed to stand several days in the absence of oxy- 
gen; it has also been observed that gasolines from 
an oil containing unsaturated hydrocarbons show a 
greater amount of these unknown hydrocarbons, 
whereas those from oils of saturated contents con- 
tained none or only traces of the compounds. It is 
therefore seen that unsaturated hydrocarbons may 
be split up under certain conditions into higher 
molecular weight compounds soluble in gasoline, 
these compounds being the catalysts for gum-for- 
mation. 

Therefore the removal of these compounds must 
be carried out before submitting them to further 
processing. For this purpose the clay treating proc- 
ess is used. This process in its present state of de- 
velopment gives good results with cracked gasolines 
derived from paraffin or mixed-base crudes, but it 
has not been particularly satisfactory for California 
cracked gasolines. It is the author’s opinion that the 
reason for this is the presence of the above men- 
tioned hydrocarbons which act as catalysts for gum 
formation. These compounds are not removed by 
absorbents. Only di-olefins are removed by the aid 
of absorbents, but the catalyst-compounds remain 
unattached and pass with the gasoline vapors to the 
cooling system. Because of the characteristics of 
this catalyst to induce polymerization of the olefins 
during long standing, it is easy to understand that 
the quality of such gasoline will decrease in spite of 
its clay refining. 
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FIGURE 1 


To remove these impurities the author has car- 
ried out the following experiment (Figure 1): The 
cracked gas from the bottom of the fractionation 
tower, I, was directed to a smaller tower, II, filled 
with a lubricating oil of about 3-4 degrees Engler 
at 100° C. This oil was heated by means of a burner, 
placed under the tower, heating it to a temperature 
of 300-350° C., in order to avoid the solution of the 
gasoline in the oil. It has been stated that the gas- 
oline, after having passed through the oil, was free 
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of the above-mentioned impurities. Such gasoline 
exposed to the action of sunlight (in bottles), and 
in the absence of oxygen, showed no change in color, 
nor any gum deposition; the impurities had been 
absorbed by the oil. 

However, this gasoline contains a great deal of 
di-olefins, which are easily polymerized to gums. 
Therefore, the cracked gas after leaving the ab- 
sorption tower is now directed to the clay treating 
tower, III, where polymerization of di-olefins takes 
place. Various absorbents have been reported as 
being suitable. The author has found that the nat- 
ural bleaching clays are most suitable for this pur- 
pose. The artificially activated bleaching clays can- 
not be used for this purpose, since even small traces 
of any residual hydrochloric acid tend toward pro- 
ducing injurious hydrocarbons. It has been found 
and verified that hydrochloric acid or aluminum 
chloride, when existing in the sphere of action of a 
bleaching clay, show quite other characteristics than 
when these agents exist alone. These agents, when 
present merely as traces in the clay, cause certain 
hydrocarbons to split-up, forming an unknown com- 
pound soluble in the gasoline, this compound acting 
as a catalyst for gum-formation. This reaction takes 
place very slowly at first, and is then accelerated by 
the continued formation of the above compound. The 
theory is about as follows: Certain unsaturated hy- 
drocarbons can be split-up by means of the combined 
ordinary action of a clay plus hydrochloric acid, or 
by the combination clay-aluminum chloride, into 
active unsaturated hydrocarbons. These highly ac- 
tive hydrocarbons are able to cause intermediate 
reactions not only with the unsaturated hydrocar- 
bons but with aromatic hydrocarbons as well, the 
consequence being the polymerization and condensa- 
tion between unsaturated and aromatic hydrocar- 
bons. These reactions lead to a lowering of the anti- 
knock value of the gasoline, since the unsaturated 
and cyclic hydrocarbons are removed as gums from 
the gasoline. Viewing these phenomena in the light 
of the above, we are forced to the conclusion that 
only natural clays are suitable for the contact refin- 
ing of cracked gasolines. 

Let us now consider the polymerization of gaseous 
hydrocarbons into gasoline-like hydrocarbons. The 
author has studied this problem quite a while, and 
has recently established the fact that even the de- 
composition and hydrogenation of hydrocarbons are 
nothing but the result of certain polymerization re- 
actions. In other words, cracking, hydrogenation 
and polymerization are all derived from a first or 
fundamental reaction, which is the complete split- 
tiny-up of hydrocarbons into free carbon and hydro- 
gen. In the first phase, the carbon and hydrogen 
exist in statu nascendi. Carbon cannot be obtained 
in this form, as it is only in a potential state. It ex- 
ists in this form a very short length of time under 
certain conditions, since it possesses the tendency 
to “absorb” some potential atoms of hydrogen. Ac- 
cording to observations of the author two sorts of 
potential carbon can exist in the first phase: the 
carbon with four free linkages and the carbon with 
two free linkages. According to these structures, the 
first form of carbon is able to combine with four 
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atoms of hydrogen, while the second form combines 
in the first phase with only two atoms of hydrogen: 


20 ato JEL, 
<<>> + 2H HTH 


The first reaction shows that methane can be pro- 
duced under certain conditions, but leading to no 
desired aim. Moreover, the hundred percent forma- 
tion of this compound requires very high tempera- 
tures, pressures, and especially long reaction times, 
a phenomenon which is observed in a nature in the 
formation of natural gas. The second reaction dur- 
ing the decomposition or cracking of the hydro- 
carbons is the formation of =CH, molecules. At 
the moment of formation of this potential molecule, 
that is, at the moment of saturation of two mutual 
free linkages, these points will be pressed in such a 
manner that the structure will be changed, the con- 
sequence being the activation of the other two link- 
ages. Reaction 3: 


Oy-<f > <> 
H 


(4) =CH, +< t+ =CH > C,H; 
H . 


This new structure combines with the free link- 
ages of two =CH, molecules, as indicated in re- 
action 4, the latter being an ordinary polymerization 
reaction. This structure can also combine under 
certain conditions, instead of the two =CH, mole- 
cules; with two atoms of hydrogen. This reaction 
leads to saturation of the polymerized hydrocarbons. 
The effect of temperature here is very great, not so 
much because of differences produced in the prop- 
erties of the gasoline, but because the high tempera- 
ture changes the direction of the polymerization. 
Furthermore, pressure also influences the polymer- 
ization of these = CH, molecules. With increasing 
temperatures and pressures, the chain of hydrocar- 
bons produced will be longer. Of course this poly- 
merization is influenced by the type of oil used in 
the cracking, and by the content of available hydro- 
gen in the oil. Since the oil contains on the average 
some 15 percent of hydrogen, a great quantity of free 
carbon in statu nascerdi remains uncombined by 
hydrogen atoms. 

A large part of these carbon atoms is forced to 
combine between themselves as follows: 

—C— + —C— +—C— ~~ —C—C—C— 

This reaction leads to the formation of higher 
molecular weight hydrocarbons; however, not all 
the free carbon is able to enter into this reaction. 
The fesult is the disappearance of its activity, lead- 
ing to the formation of coke. A part of the free car- 
bon with two active linkages will be transformed, 
under certain temperature and pressure conditions 
into carbon with four active linkages. Since a 100 
percent formation of methane from these carbon 
atoms cannot be easily accomplished, their activity 
disappears in a short time, with coke formations as a 
result. On the other hand, the methane will be split 
up into carbon and four atoms of hydrogen. Under 


[Continued on page 77] 
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Naphthenic 


ECOVERY of naphthenic acids as a by-product 

of petroleum refining operations has steadily in- 
creased in importance since its inception in Russia 
towards the end of last century. For many years the 
principal source of these acids was the alkali residue 
from the refining of kerosene in European refineries, 
principally in Russia and Roumania. Recently, how- 
ever, owing to the greatly increased industrial outlet 
for naphthenic acids, the attention of American re- 
finers has also been turned toward the production 
of this valuable subsidiary product. In practically all 
of the published processes for the recovery of naph- 
thenic acids these latter have been obtained from pe- 
troleum distillates, and very largely from light distil- 
lates such as kerosine and gas oil (“solar oil”) in 
which these acids tend to concentrate. In former 
times almost the only source commercially available 
was the alkaline refining residues of kerosene, and 
in some cases also, of spindle oil. Recently, according 
to Shipp,’ the combined effect of increasing demand 
for these acids and the growing importance of the 
gas oil fraction as a fuel for compression-ignition 
engines has led to some refineries adopting the prac- 
tice of washing the gas oil with a weak caustic soda 
solution and extracting the naphthenic acids from 
the resultant aqueous soap solution. Thus, in addi- 
tion to increasing the production of naphthenic acids 
by a relatively simple and cheap refining operation 
the quality of the gas oil as a Diesel fuel is consider- 
ably improved, since it is generally recognized that 
an appreciable organic acidity is an undesirable 
feature of such a product. 

Whereas considerable attention has been paid to 
the recovery of naphthenic acids from various petro- 
leum distillates there has been available very little 
data on the utilization of crude oil itself, prior to dis- 
tillation, as a source of these products. While it is 
generally agreed that the removal of naphthenic 
acids from the crude oil would be a desirable pro- 
cedure from the point of view of improving the 
quality of the subsequent distillates, and rendering 
them considerably easier to refine, to say nothing of 
the incidental value of the acids so recovered, there 
seems to be a general impression that such a pro- 
cedure is impracticable on account of the formation 
of persistent emulsions of crude and soda solution 
which would lead to considerable difficulties in the 
subsequent handling of the oil. While doubtless this 
is true of a great number of crude oils it has how- 
ever been found that, in the case of certain light 
crudes, treatment with alkaline solutions prior to dis- 
tillation can be successfully carried out on a works 
scale. A large number of the processes suggested for 
the pre-treatment of crude oil do not include any pro- 
vision for the recovery of the naphthenic acids so 
removed. Many of them consist of various methods 
of distilling the crude over alkali, and, in many cases, 
subjecting the residue (containing the naphthenic 
acids in combination with the alkali, together with 
any excess alkali) to cracking. 

Schmitz,’ in a discussion of the subject in which 
he strongly advocates pre-neutralization as being of 
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considerable assistance in the subsequent treatment 
of the distillates, does not give any actual results ob- 
tained by the alkali-washing of crude oil (which he 
appears to consider more of a theoretical desideratum 
than a practical possibility) and confines himself to 
discussing the effects obtained by the neutralization 
of various distillates prior to their being refined. The 
only reference dealing with the pre-neutralization of 
crude oil, combined with the recovery of naphthenic 
acids from the alkaline extract of the crude, which 
the writer has been able to find in recent literature 
is to the work of Velikovskii and Druzhina,’ to 
whose interesting results further attention will be 
drawn. 


PRE-NEUTRALIZATION OF PERUVIAN 
CRUDE OIL 


Work recently carried out at an English refinery, 
operating on a light Peruvian crude oil, has shown 
that the washing of this crude, prior to distillation, 
with a caustic soda solution and subsequent separa- 
tion of the alkaline extract for recovery of the naph- 
thenic acids contained therein, is a perfectly prac- 
ticable procedure and such treatment has now be- 
come routine practice. 

The crude oil to which this process is applied is 
obtained from Peru and has the following approxt- 
mate characteristics: 


A I a el 0.8475 
Acidity (Mgm. KOH per gram oil) .............. 0.65 
ara a Mpa: Saher al Sa ny Nn ap 0.07% 
Redwood I wiscosity a6: BF FP... oc ccc cccinces 52” 
Redwood f viscosity at FO" Foo. onic. cc cdiccvcscs 40” 
Distillation (Preliminary, I.P.T. method C.P. 3., 1935) 
SNS tiles dit du lew td odd binenn en eehade caiall Moka 67° C. 
PerGnt Mote Ot 750 Co. cic os eiicmay avntenw arene 2 
eS 6 gk pee Meee eer 5 
Peraeee weneeite. St 82s Ce on. oa kode cde cccte ces 14 
eee er a sk, oc chs he ceaekbaccodae 25 
I IE OD Tae Ge.) eo ich see acdsee ea oscadues 32 
ee ie Oe Boe oh ca old oa ab ncn’ bu 38 
Pert ween BE MI, Go ig obo hs wricosccocnsnichs 45 
Peccemk Wee BE BO a oc cc once ccccctsscccveles 50 
Wen DU OE BOA oon oo sho cde oc cusadacuds 56 
Possess’ wotatlie at:FEP Co ak oes. bb. ccccccneuercbe 63 
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NTEREST lately has been re-awakened in the re- 
] covery of naphthenic acids from petroleum. By 
far the greater part of the naphthenic acids de- 
scribed hitherto have been obtained from various 
petroleum distillates, and the use of crude oil as a 
direct source of such acids has been largely neglect- 
ed. Despite a general impression that the recovery 
of naphthenic acids from crude oil, prior to the dis- 
tillation of the latter, is an impracticable procedure, 
such is by no means always the case. 

Apart from the improved distillates obtainable as 
the result of such a removal of naphthenic acids, 
the acids themselves form a valuable product of 
ever-increasing industrial importance. Methods for 
the refining of such acids have keen evolved and 
proved satisfactory on a plant scale. 

The similarity of naphthenic acids obtained from 
Peruvian crude oil to those recovered from Russian 
crude is noteworthy. 








The crude is classed as “naphthene-intermediate 
wax-free” according to the U. S. Bureau of Mines 
method for the classification of crude oils; it is proc- 
essed in a two-stage distillation unit of which a de- 
scription has already been published in this journal.* 


Although the crude is by no means an exception- 
ally rich one as regards its naphthenic acid content 
(approximately 0.3 percent) the acidities of the dis- 
tillates from untreated crude oil are by no means 
negligible, as will be seen from Table I, where there 
are also given the acidities of the same products 
when recovered from alkali-washed crude. 


TABLE 1 


Acidities of distillates from unwashed and from 
washed crude. 














ACIDITY 

(Mgm. KOH/gm.) 
From From 

Unwashed | Washed 

PRODUCT Crude Crude* 
ee BE gh 8 a ee 0.02 Nil 
SPORE CAF” mT Gad hve win cd cinse csv acceseeee 0.07 Nil 
Tk ee og oh RRP Rarer 2.35 0.06 
Spindle Oil (Red. I visc. @ 70° F.=140”).......... 1.40 0.27 
Light Engine Oil (Red. I visc. @ 140° F. =98”)...... 0.95 0.05 
Heavy Engine Oil (Red. I visc. @ 200° F. =82”)..... 0.60 0.04 
Cylinder Stock (Red. I visc. @ 200° F. =200”)...... 0.30 0.04 
Bitumen (Penetration =180/200)...............--- 0.30 0.04 














* It is interesting to note that the acidity of the spindle oil is not brough ' 
down as much as that of the more acid gas oil; this shows that the low molec- 
ular weight acids present in the latter fraction have a considerably greater 
affinity for the alkali than the heavier acids corresponding to the spindle oil 
Tange, 


It will be seen from Table I that the acidities of 
products recovered from untreated crude oil, while 
appreciable, are by no means outside the usual range 
of figures recorded for similar products. Neverthe- 
less, it is a generally recognized fact that the lower 
the acidity of a distillate the more satisfactory it is 
from several standpoints. 


Laboratory experiments were therefore initiated 
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on the reduction of the acidity of the crude oil by 
treatment with caustic soda. It was found that, by 
this means, the acidity of the crude oil could be 
brought down from the original figure of 0.65 to a 
value of 0.09. After the laboratory experiments had 
been satisfactorily completed large scale processing 
was begun and has since completely justified itself. 


RECOVERY OF THE NAPHTHENIC ACIDS FROM 
THE ALKALINE EXTRACT OF THE CRUDE OIL 


The alkaline extract of the crude oil, which is in 
fact a dilute solution of sodium naphthenate, is 
transferred to a separate treating tank where the 
naphthenic acids are recovered. This recovery is ac- 
complished in the usual manner by the decomposi- 
tion of the soap solution with sulphuric acid, which 
has the effect of forming sodium sulphate which dis- 
solves in the aqueous layer and liberating free naph- 
thenic acids, which float on the top of the liquid and 
they are removed and transferred to storage. 

The naphthenic acids obtained in this manner con- 
tain up to 5 percent of water; if a drier product is 
required the tank in which the acids are held should 
be heated to about 180/200° F. and settling allowed 
for a few days, by this means naphthenic acids with 
a water content of % percent or less are easily ob- 
tainable. 

The naphthenic acids thus recovered are dark 
brown to black in color, with a characteristic odor, 
and an analysis of which the following is typical: 








TABLE 2 
Unrefined naphthenic acids as recovered direct from 
crude oil. 
Des Cee: Oe MO Sis cia a aac eee SRE G Ee ek Bezdek 0.973 
Ate wntee CORE. TES Es ici cisions 4c kdne dona enedes aaeeneee 155 
MMIII is cc 6. a:b, o.cceore wsoia Ave. able 8 aie. p1di 5. b/aVe, 6. 5s bok acaeaGoead Dacied pee mie ie ee 0.5% 
aes Vissotite Ot OF Se: oii oo ics os dS hoe Linda 2 akebe an eee 9.14 
ee eer te ee ae eee 84° C, 
CR GOR. wise cock icc ddigc cee biee ose tike pelts oui eee ee Fluid at 0° F. 
INE on 0 6.6 6: bi nis 050 '056'5 0-d:%'¢:hse she'wa td 0 weaken wate aioe ean 0.13 
Bas Cire Hee CAO 6 oon isin ceca cevsr vn darvaseasedsabenetaes 0.11% 
Peete MONO oa. 55:0 a.6i8 0s de vane de es dooms eee 26.3% 
PGR WOE CE NE DIB. oss oo occ cco bo cas can neebaste me ehaeeitins 210 





The amount of acids recovered in this manner 
amounts to about 0.25 percent of the crude oil treated 
and is thus about 80 percent of the amount of naph- 
thenic acids originally present in the crude oil. (This 
latter figure, given above as 0.3 percent, was calcu- 
lated from the ratio of the acidity of the crude oil 
(0.65) to that of the pure acids extracted from the 
crude acids recovered as above (210). 


THE REFINING OF THE CRUDE 
NAPHTHENIC ACIDS 


Although the acids obtained in the above manner 
compare not unfavorably with many of the grades 
on the European market it was however desired to 
produce a better quality of product if this was eco- 
nomically possible. With this end in view several 
methods of improving both the color and the acid 
value of the naphthenic acids were investigated. 

The first method tried was to treat the naphthenic 
acids as though they were an unrefined lubricating 
oil and to attempt to refine them in the classical 
manner with sulphuric acid (or oleum) and bleach- 
ing earths. Only by the use of drastic quantities of 
acid was there any appreciable improvement in the 
acid value of the acids and even then the appearance 
was barely affected. In addition, the separation of the 
acid sludge was accompanied by such difficulties as 
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to make the method obviously impracticable. Recent 
methods described in the literature®*® suggest the 
treating of naphthenic acids in gasoline solution with 
sulphuric acid so as to enable the removal of the acid 
sludge to be more easily accomplished; despite 
optimistic claims by the authors of these methods 
they were found to be totally inapplicable to the 
crude naphthenic acids produced in the above-de- 
scribed manner. Clay treatment alone of the acids 
and also clay treatment of the alkaline crude extract 
prior to acidification were also tried but proved un- 
availing. 

Other methods investigated were the fractional 
acidification of the alkaline extract so as to precipi- 
tate, first the resinous bodies present and the naph- 
thenic acids of high molecular weight (and there- 
fore of low acid value) and, subsequently the naph- 
thenic acids of low molecular weight (and con- 
versely of high acid value). While the product ob- 
tained in this manner was of quite good quality, the 
yield was so small as to make the method inapplica- 
ble to commercial operation. 

The converse of this method, namely the extrac- 
tion of the crude naphthenic acids with a weak 
caustic soda solution containing insufficient alkali 
completely to neutralize the acids was also found 
to suffer from the same disadvantage. 

The method which was finally found to be satis- 
factory and which, when applied on a works scale 
has proved highly successful is that of steam distilla- 
tion. 

The crude acids described above are placed in a 
small batch still and distilled with the aid of super- 
heated exhaust steam. The still is oil-fired. The dis- 
tillation proceeds with extreme smoothness and the 
control of the distillation is carried out on informa- 
tion derived from the periodic determinations of the 
acid value of the distillate which are carried out by 
the laboratory. : 

As will be seen from the data given above the 
crude naphthenic acids contain over 26 percent of 
unsaponifiable matter. This unsaponifiable matter is 
in fact crude oil which has dissolved in the alkaline 
solution (it is a well known fact that aqueous solu- 
tions of sodium naphthenate possess appreciable 
solvent power with respect to mineral oil) and 
which is liberated on the acidification of the alkaline 
crude oil extract and is thereby mixed with the 
naphthenic acids. It will be seen from Table 1 that 
in the distillates produced from un-neutralized crude 
oil there is no appreciable amount of naphthenic 
acids until the gas oil cut is reached ; similarly it will 
be seen from the characteristics of the crude oil, as 
given above, that over 50 percent is volatile up to 
the beginning of the gas oil range. 

Hence it should follow that the distillation of the 
crude naphthenic acid mixture up to a temperature 
in the region of 260° C. should eliminate a large pro- 
portion of the unsaponifiable matter without any 
great loss of naphthenic acids. In actual practice this 
is found to be the case; the method of operation of 
the naphthenic acid still is to start distillation and 
carry on until a sharp increase in the acid value of 
the distillate commences, the stream is then switched 
to another receiver and the distillation continued un- 
til, the acid value having passed its peak (which is 
a figure somewhere in excess of 200), begins to fall 
off. Soon after this point, depending upon the de- 


sired acid value of the product, the distillation is 
stopped. 

The temperature at which the distillation begins 
is about 150° C. (overhead) and it rises slowly to 
about 280° C. The maximum bottom temperature at- 
tained is approximately 350° C. 

The amount of steam used in the distillation is 
considerable and the quantity of water condensed 
with the naphthenic acids may amount to 30/40 per- 
cent of the naphthenic acid distillate. No difficulty 
whatever is experienced in separating the water and 
acid layers; this separation is however speeded-up 
and rendered sharper if the receiving tank is heated, 
say to 160° F. 

The refining of naphthenic acids by steam distilla- 
tion results therefore in the formation of three 
products. 

A. A light cut, consisting principally of unsaponi- 
fiable matter and which is, in practice, returned 
to crude oil. 

B. The main portion, consisting almost exclusively 
of naphthenic acids and towards whose separa- 
tion the entire procedure is directed. 

C. A hard bituminous residue which can be used 
for either of the following purposes: 

(i) Asa hard grade of asphalt; 
(ii) As a base for a bituminous paint, the high 
resin content should be of advantage here. 

It will thus be seen that the refining porcedure 
sonsists essentially in the: removal of portions from 
the “head” and “tail” ofthe crude naphthenic acid 
mixture leaving the destrable middle portion. The 
“head” portion consists principally of light mineral 
oil (up to a very light gas oil in distillation range) 
together with a smalf*quantity of high acid value 
naphthenic acids; the “tail” portion consists of the 
low acid value acids corresponding to the heavier 
lubricating oil and bitumen fractions of the crude 
oil and also of acidic resins which have been ex- 
tracted from the crude oil by the caustic soda solu- 
tion, and which, being non-volatile remain in the 
residue on distillation. These resinous bodies are 
presumably the material which is dropped out as 
acid sludge when the crude naphthenic acids are 
treated with sulphuric acid, hence the increase in the 
acid value of naphthenic acid so treated. 

The following analyses of these fractions, obtained 
during a trial laboratory distillation, are typical and 
approximate very closely to those obtained from the 
plant. 








FRACTION A—8.1 Percent (by weight): 


Oe SS 8 HRC R Cr rr re oor Peper 0.827 
Pee We LN, TEE EINE.) . cos co tcc e co seecedabeag nuheda 
ee tee a eer ree ee eee ics poe 
Fo ES SE OOS TCO SORE TTT ETT eR EO 301 
Distillation (I.P.T. method G.3, 1935)— 

I.B.P 


Ee do gd ahd bee wes se abd 145° C 
OE gg, EET eT ree er Pet eee 40 
a 7 a sin sian oe wela es Kb 6d s oa engi 85 
3 DAS RAR Sie tier ree eee ee rey 330° C 

FRACTION B—75.3 Percent (by weight): : 
i eer, WT a rae a lei ns koe oe oss oe ks ch siete cense 0.976 
SR in dS | A tS oe ek so 0 o aoe hates gas 190 
Sian WINNIE yg iok nian cuss ved canes CSowmesne ¥s 15.6% 
PieGE Wee GE DTS GUE. ooo ooo ig cok i Mg si core ccipieec vine 

FRACTION C—16.6 Percent (by weight): 
ent. Cate Gh OOP Bos <5 ao an the peele sf ce Kbeees Coes 1.063 
I Ne awe 0 aig aw die Mains 4.6 Shc > hls aes GMS 52 
Penetration (I.P.T. method, A.18, 100 gm. 77° F. 5”).......5. 8 
Melting Point (Ring and Ball)... 2.2.0.2... 2 ctw wesc ee ceeeepe 66° C, 
Diamine TMNT OUD « 5 56 soc. cn bss cde Cea Ere cvs Gaale’ 0.3% 
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The water that resulted from the condensation of 
the steam was separated and extracted with petro- 
leum ether. This yielded about 0.1 percent (on the 
charge) of naphthenic acids with an acid value of 
260. It may be remarked that the pure acids sepa- 
rated from fraction A possessed a very marked 
phenolic odor. 


The starting material in the above experiment had 
the characteristics given in Table 2. 

It will thus be seen that the naphthenic acids ob- 
tained from the crude oil are very largely volatile in 
steam; this is contrary to the statement made by 
Naptali’ that they are only partially steam-volatile. 
The figure quoted by Naphtali for the acid value of 
the steam-volatile portion of naphthenic acids (of 
unstated origin) is 262, which corresponds to acids 
of a considerably lesser molecular weight than those 
which, judging by the acid value, are present in frac- 
tion B, above. 

The distilled naphthenic acids (fraction B) ob- 
tained by the above method are of a dark red color 
and have considerably less odor than the crude acids. 
They may be considered as a high-grade product and 
have an unsaponifiable matter content considerably 
less than that of most naphthenic acids hitherto met 
with commercially. Their acid value is also less than 
that of products previously manufactured; this is 
due to the fact that these acids correspond to a very 
much wider fraction of crude oil than those formerly 
available, which as already mentioned, were obtained 
solely from light fractions and would, in conse- 
quence, have the low molecular weight (i.e. high 
acid value) of the acids that accompany such frac- 
tions. By contrast the acids obtained from crude 
oil include those corresponding to the medium lubri- 
cating oils (those corresponding to the heavier lubri- 
cating oils are, as stated above, left in the residue on 
steam-distillation) and which have moderately high 
molecular weights. In spite of the relatively high 
quality of the steam distilled acids it is required, for 
certain industrial purposes, to have naphthenic acids 
possessing a color equivalent to that of a pale red 
lubricating oil, or even better. To produce such 
grades the acids obtained by the method described 
above are further refined as follows: 

The acids are washed with 10 percent of a weak 
(10 percent strength) sulphuric acid solution, this 
treatment is followed by a water wash to eliminate 
any mineral acid left after running off the sulphuric 
acid and, after removal of the water by settling, the 
acids are treated with a bleaching earth, any of the 
common commercial earths being employed for this 
purpose, and filtered through a filter press. The treat- 
ment with sulphuric acid and the subsequent water 
washing are carried out at temperatures in the neigh- 
borhood of 160° F., the clay treatment is carried out 
at 230° F., at which temperature any remaining 
traces of moisture are removed and a bright trans- 
parent product is yielded. No difficulty is experi- 
enced in settling off the sulphuric acid or the water 
after the respective treatments. These are carried 
out in a steam jacketed mechanically operated mixer. 
The amount of bleaching earth used varies from 2 


“In their published work Goldberg and Kochoeva describe laboratory 
experiments only; mess 5 do not state whether the method has been trans- 
ferred to a works scale. The pre-neutralization of crude oil described by 
Velikovskii and Druzhina has been operated on a plant scale as an 
experiment; they do not state whether it has become routine practice 
and their pre-neutralization seems to have required special precautions 
(such as heating the crude oil) to avoid emulsion-formation. Their .dis- 
tillation of naphthenic acids appears to relate to laboratory work only. 
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percent to 5 percent (by weight), depending upon 
the color desired in the finished material. 

The reason for the sulphuric acid wash in the 
above refining scheme is that, during the condensa- 
tion of the hot naphthenic acid vapor following the 
distillation, the iron of which the condenser attached 
to the still is made, is attacked to a certain extent by 
the acids, as are also, but to a much lesser degree, 
the tanks in which it is settled hot, with the result 
that a dark-colored iron naphthenate is formed and 
dissolves in the acids. On treatment with weak sul- 
phuric acid this iron soap is decomposed, regenerat- 
ing the naphthenic acid it has absorbed and forming 
iron sulphate. This latter is then removed partially 
in the water used to wash the acids following the 
sulphuric acid treatment and partially by the filtra- 
tion following the clay treatment. The amount of 
iron soap so formed is minute but nevertheless suffi- 
cient to affect noticeably the color of the distilled 
acids. 

The final finished acids produced by this process 
test as follows: 


Gees, Geow, Ob 00 B,..cicenescks tndsinsasoenaeen 0.976 
Finals DeiaE, QOOM oc nasser scdccdeswsdsesscdnneuegun 140° C. 
Easter viscosity at SO’ OC. ics sdsccanteeesecesenes 4.2° 

Unsaponiiiable matlet.) 666. socks ec aecvnseeatowene 15.6% 
Color (Lovibond tintometer, 4%” cell) ........... 16Y/1.2R 


It is of interest to note that the above described 
method for the refining of naphthenic acids, which 
was evolved independently by an English laboratory, 
is almost identical with that recently described by 
Goldberg and Kochoeva’. These authors also found 
that refining naphthenic acids by means of sulphuric 
acid was impracticable and they also could not re- 
peat the results published by Liubarskii and Tiabli- 
kova® and by Rabinovitch and Osenova®, who claim 
to have been successful in this respect. 

The naphthenic acids used by Goldberg and 
Kochoeva had the following characteristics : 


Berd Wate ii on ho eR aeRO oe 188 
Color (diluted 1:5 in Duboscq colorimeter) ...... 3mm 
Unsaponifiable matter 6.05 6.655,65:45%00 00a pe nen 14% 
Acid value of pure: acids’... 4300. i éscéel se see 219 


They are thus seen to be very similar to the acids 
used as the basis of the English experiments. It is 
not stated whether the acids used by the Russian 
workers were obtained directly from crude oil or 
from petroleum distillates, the trend of recent Rus- 
sian work, however, together with the characteristics 
of the acids suggests crude oil as their source. 

By steam-distillation Goldberg and Kochoeva ob- 
tained a yield of 76 percent light colored distillate 
having an acid value of 239; the residue obtained by 
them was a pitch-like material with an acid value of 
100. Similar to the effect mentioned above they also 
noticed the action of the distilled acids on the iron of 
the condenser and state that the discoloration of the 
distilled acids produced in this manner can be re- 
moved by treatment with weak sulphuric acid.* 

It is of interest that they remark that the treat- 
ment of the crude acids (in gasoline solution) with 
clay alone does not yield satisfactory results; treat- 
ment with activated charcoal as the adsorbing agent 
was successful but the loss of acids by this method 
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Vacuum distillation of crude naphthenic 


TABLE 3 


from Peruvian crude oil. 





acids 








Overhead Acid 
Percent Cutting Specific Value 
of Charge | Temp. ° C.| Gravity (Mgm. 

CUT No (By Weight)| (Approx.) | @ 60° F. | KOH/gm.) 

Sid dts Bia'vntw std eae 2.1 55 0.788 0.56 

the ORa nica eo od-4 0 44 2.2 64 0.819 3 

MER ay i e4s dak avce 2.3 81 0.848 12 

i aeedphas ‘lara e'yisis oe.» 6 2.5 107 0.887 83 

Re a een wad oc 2.7 122 0.938 206 

6 ES ite cous 2.4 130 0.958 241 

RANG sie 5.0 SiN A6hcesarh 0:6 2.7 137 0.968 248 

Rye ite Sha lek etesa le Wa 6 2.7 143 0.974 247 

AG ee ee ae 2.8 147 0.979 247 
MMR d ntchy Genes. ¢-6/bre) hk wv 2.5 152 0.980 241 
EES re eee 2.9 155 0.980 240 
1 2 Pith be attobede by ers ieee 2.2 158 0.987 240 
ESA ONE ae 3.2 162 0.987 232 
CR Lae ne kp o's 2.5 166 0.989 226 
DESL i tet aikton chs ¥ 0:4. 3.1 170 0.989 226 
16 MGI ia w-Cives a0 ae aul 2.4 175 0.988 221 
EY eS ey ae 2.5 178 0.988 212 
A aaah he 4.0 45.0 e-0 2.8 182 0.988 205 
Oa Ss Ss oe 2.6 186 0.987 201 
20 aici ae a nivis.6 ee 2.8 190 0.987 196 
RCRIUA Bn ila ana ue wielax 3o'e 2.6 193 0.987 193 
22 RO ae 2.8 195 0.986 185 
DMCOLAY Coucdiccuecves 2.8 198 0.983 175 
BURA sn ennss koe 2.8 201 0.982 166 
25 jo DE en eee 2.5 205 0.981 160 
26 RRP Cade oh Salnln shenagiele 2.7 208 0.981 154 
en eh ORds 64d 04K de 2.0 214 0.975 135 
Re ard sg tbl an «aca e 1.7 222 0.972 118 
eae ee 0.9 230 0.968 110 




















* The constants of cut 27 were obtained by interpolation as this fraction 
was speeemteny lost before the specific gravity and acid value could be deter- 
mined. 


was such as to render this procedure completely un- 
workable. 


FURTHER EXAMINATION OF THE CRUDE 
NAPHTHENIC ACIDS 

In order to obtain a more comprehensive picture 
of the composition of the crude naphthenic acids 
forming the material recovered from the alkaline ex- 
tracts of the crude oil, this material was subjected, 
in the laboratory, to vacuum distillation*. 

The starting material was the same whose charac- 
teristics are given in Table 2; the still employed was 
a metal still of 5 litres capacity having a fractionat- 
ing column 2 inches in diameter and 18 inches in 


* Atmospheric distillation was tried but found impracticable as the 
high temperatures necessary caused decomposition of the naphthenic 
acids by decarboxylation, as was shown by the low acid values of the 
distillates obtained. 


TABLE 4 


Comparative results on the vacuum distillation of naphthenic 
acids obtained from Peruvian crude oil and from Caucasian 
crude oil 






















































































5 
Percent | Acid Value of: | Unsapon- 
of —\- ifiable 
Starting Pure Matter, 
FRACTION Material | Fraction | Acids* Percent 
A. Pea SAIC ICIS... 
Starting Starting | 
Material | Material [100 |100 /115 |155 181 |210 | 37.0} 26.3 
Cuts 1 to Cuts 1-4, | Sipe 
141.5° C. 55-122°C. | 10.7] 9.1} 38 | 27 |325 |310 | 91.4 | 91.7 
Cut 2, Cuts 5-19, wa Tih Sea Sa 
141.5-178° C. | 122-190° C. | 10.7| 40.0{165 |228 |292 (271 | 43.5 | 15.8 
Cut 3, Cuts 20-26, ne PSS 
178-214" C. | 190-214° C. | 15.1| 19.0]/192 [175 |240 |205 | 20.2 | 14.5 
Cut 4, Cuts 28-29, | 
214-250° C. | 222-230° C. | 16.5| 2.6|167 [117 |192 |178 | 15.9 | 34.3 
Cut 5, | | is 
950-370 C | .......... 15.0}..... ae og ee | ae 
Residue Residue | 29.1| 77.3) 43 | 40 ju 142 | 63.0 | 71.9 
| | | | 











* ji. e. freed from unsaponifiable matter. 

A. =Results obtained by Velikovskii and Druzhina on acids from Cauca- 
sian crude. 

B. = Results obtained on acids from Peruvian crude. 
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height packed with aluminum cones. The vacuum 
employed was 4 mm. of mercury. 

The results obtained are given in Table 3. 

The above figures show clearly the sudden sharp 
rise in acid value occurring when the light unsaponi- 
fiable matter has been driven off, and the graduai 
falling off in acidity after the peak value correspond- 
ing to about the end of the gas oil fraction has been 
passed and the successive cuts of acid begin to cor- 
respond more and more to the heavier lubricating oil 
region. 

The total distillate amounted to 72.7 percent with 
an average acid value of 183, if the first four cuts, 
which consist largely of unsaponifiable material, are 
excluded the distillate amounts to 63.6 percent with 
an acid value of 204. 

The residue from this distillation, amounting to 
27.3 percent, had the following characteristics: 


ie: Me MEM Be a ein ce cd akenearns Geaeemee 1.03 
NN NE aoa hark. henienka Snscdrws ahh weds oie ein wstneeaigt 40 
EE ehh ec ae anc ehdirnsd danee ke ee hides athe 0.43% 
Asphaltenes (1.P.T. method, A. 12) ............... Nil 
Penetration (100 gm. 77° F. 5”) ........ceeeeeeees 55 
Melting. Point (Ring and Ball). ...... 05h c6 snecses 48° C. 
BEatter MiSOINDIS 18 CSe. oo ccs ccc cccscncoesesieowes 0.4% 
CNSADOMMIADIS BWIALEET oo oes ook oo adic ae cees sé soe's 71.9% 
PGiE WHIME “GE MOLE RCWUS 605 66 56 5 eee eces Hee 142 


It is interesting to compare the above results with 
those obtained by Velikovskii and Druzhina*®. These 
authors have published some experiments on the 
alkaline extraction of Caucasian crude oils prior to 
distillation ; their general results and conclusions are 
very similar to those here described for Peruvian 
crude. In the case of the naphthenic acids examined 
by them their figures are of particular interest since 
they are one of the few published results dealing 
with naphthenic acids obtained directly from crude 
oil and not, as those the majority of workers have 
hitherto investigated, from petroleum distillates. 

In Table 4 will be found the results obtained by 
Velikovskii and Druzhina and also those obtained 
from the acids of Peruvian origin and given above in 
Table 3 but re-grouped so as to show their similarity 
to those of the Russian investigators. 

It will be seen from the above table that although 
the cuts taken were not quite the same in extent in 
the two cases, the results for the acid values and 
percentages of unsaponifiable matter show an in- 
teresting similarity. The figures on the first fraction 
and on the residue in each case are remarkable in 
view of their extremely close resemblance. 

The distillation temperatures are also of the same 
order although not strictly comparable since the de- 
gree of vacuum employed was different in the two 
cases, being 7 mm. in the case of the Russian dis- 
tillation and 4 mm. in the case of that carried out in 
England. This close likeness, which is also shown 
by the already quoted work of Goldberg and 
Kochoeva, between the results of investigations on 
naphthenic acids originating in the one case from 
Peruvian petroleum and in the other from Caucasian 
is not without interest, especially since, as far as the 
writer is aware, the naphthenic acids of Peruvian 
crude have not been previously mentioned in the 
literature. 

It may be added that similar experiments have 
been carried out with crude oil originating in south- 
ern Ecuador and which is almost identical with that 
from Peru whose characteristics have been given 
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previously ; in the case of the naphthenic acids de- 
rived from this Ecuadorian crude no noticeable dif- 
ference to the naphthenic acids from the correspond- 
ing Peruvian crude could be noticed. 


SUMMARY 

Both experimental and works procedure showing 
the practicability of the washing of crude oil with 
caustic soda solution is mentioned. Such treatment 
has the effect of considerably improving the quality 
of the distillates and of yielding naphthenic acids as 
a valuable by-product. 

A practical method of refining these acids to yield 
a high grade product is described. 

A preliminary examination of the crude naphthenic 
acids has been made and the results obtained com- 
pared with those published by other workers for 





naphthenic acids of Russian origin, which latter ap- 
pear to resemble closely those from Peruvian crude 
oil. 
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Polymerization 


[Continued from page 71] 


certain temperature and pressure conditions this 
carbon will be transformed into carbon with two 
active linkages. The remaining hydrogen atoms will 
be “absorbed” by two active linkages of unsaturated 
hydrocarbons, as follows: 


(1) CH, ~ C+ 4H;(2) C+ 2H—=CH: ;(3) C;sHe-+2H—-C3Hs. 
When polymerizing—CH, molecules at high tem- 
peratures the active linkages will act in the middle 
of the three or more CH, molecules, as indicated 
below: 


H H 
re ae Caace C-H ann 
ae. 
Ha Ge iiocane Cote CoH 
H 4 


The result is that with increasing temperature and 
lowering of the pressure, the mutual active linkages 
of the polymerized CH, molecules will enlarge 
their activity, having as a consequence the forma- 
tion of cyclic hydrocarbons. Therefore, it is neces- 
sary to be able to guide one of the two reactions in- 
dicated by the hypothesis. For this purpose a proper 
catalyst must be used, since it must be able to regu- 
late the entry of hydrogen in the active carbon. Of 
course a proper catalyst may also transform the car- 
bon with four active linkages into carbon with two 
active linkages. Simultaneously with the polymeriza- 
tion reactions, sulphur, nitrogen and oxygen com- 
pounds undergo the same reaction. In the first phase 
these compounds will be split-up into free active 
sulphur, nitrogen and oxygen, and in the second 
phase transformed into hydrogen sulphide, ammonia 
and water. That is why the polymer distillates are 
lower in sulphur content than the cracked gasoline 
where the process in the first phase is not complete 
due to unfavorable conditions. 


It follows from the above, that the formation of 
the four groups of hydrocarbons, namely, unsatur- 
ated, naphthenic, aromatic and paraffinic hydrocar- 
bons are the result of different reaction-movement 
ot the = CH, molecules, and whose composition va- 
ries as a function of temperature, pressure and time. 
In other words, in order to produce a high anti- 
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knock gasoline, it is necessary to operate under prop- 
er temperature-pressure conditions. The molecular 
weight of the constituents also influences the poly- 
merization of hydrocarbons. * 

As mentioned above, petroleum oils contain about 
fifteen percent of available hydrogen, which makes 
impossible the complete transformation of the high- 
er molecular weight oils into the lower hydrocarbons 
since a great quantity of active carbon is unattached 
by hydrogen. Therefore a great part of these carbon 
atoms are forced to combine among themselves. This 
reaction leads to the formation of higher molecular 
weight hydrocarbons. On the other hand, many car- 
bon atoms lose their activity and precipitate as coke. 
In order to avoid these sort of reactions, the hydro- 
genation process is used. This process consists of 
the addition and action of compressed hydrogen on 
the split-up carbon atoms. Viewing the hydrogena- 
tion process in the light of the above considerations, 
we are forced to the conclusion that it is nothing but 
the artificial supply of hydrogen in the reaction 
chamber to increase the production of the —CH, 
molecules. 


SUMMARY 


The above considerations and theories indicated 
show that the phenomena of “polymerization” play 
the most important part in all branches of the oil- 
refining industry. However, it must be stated that 
the polymerization shows different characteristics 
in each refining branch. For instance, the polymer- 
ization in the distillation process and refining with 
the aid of sulphuric acid may be considered as a very 
undesirable process, whereas the exact polymeriza- 
tion of —CH, molecules into gasoline presents a 
most convenient and economic process for the refin- 
ing industry. Polymerization should be considered 
as the most important factor in refining processes, 
and therefore the aim of the petroleum technologist 
should be the ability to discriminate between the 
desirable and undesirable reactions. 


REFERENCES 
1 Refiner & Natural Gasoline Man. No. 4, p. 88-89; 1928. 
2Jour. Soc. Chem. Indust, 863, 1928. 
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Design Features of Canfield’s 
New Filtration Plant 


FTER a fire destroyed Canfield Oil Company’s 


filter plant at Coraopolis, Pennsylvania, in June, , 


1935, it was necessary to rebuild the plant with as 
little loss of time as possible. The plant which was 
destroyed was more or less obsolete, but still was 
capable of processing a satisfactory amount of oil. 
The company engineers had made tentative plans 
for a new plant, and had investigated the desirable 
features of newer and more modern filtration plants, 
and therefore, only six weeks elapsed between the 
time of the fire and when the new plant was in opera- 
tion, turning out a larger quantity of oil in less time 
and with less cost than had the old plant. 

The new unit is housed in a brick and concrete 
building on the street facing the refinery office, it 
consists of three floors and an elevator shaft to con- 
nect it with the clay burning unit next door. The 
first floor contains the circulating and charging 
pumps together with the instruments for control of 
the processes. Directly under the eight filter-clay 
vessels is the clay-handling machinery with facilities 
which dump the filters and moves the spent clay by 
belts directly to the hopper above the burning fur- 
nace in straight-line flow. One section of the first 
floor is the filter operators’ control room, with pres- 
sure gauges, flow meters and sight glasses so the 
operator can always determine the color of the oil 
flowing from the filters. 

The second floor is devoted entirely to filter ves- 
sels. No openings other than those necessary were 
built into the walls of this room, and what are there 
are always closed, so as to conserve the heat of 
filtration in order to obtain a more even flow of oil 
through the beds of clay. The upper heads of the 
eight filters are almost flush with the floor of the 
third story of the building, and the lower conical ends 
protrude slightly through the ceiling of the first 
floor. Thus, the bodies of the filters are covered by 
the space occupied by the second story of the plant. 

The filter vessels are 9 feet in diameter by 18 feet 
in length, with the filling manholes in the center of 
the upper ends. The manholes are standard as to 
type, and are fitted with two handling bails so that 
they can easily be removed. All of the oil and steam- 
ing lines installed to serve the filters are placed off 
center, on the wall side of the vessels. With the 
service piping placed in the heads of the filters on 
the wall side of the building, lighting is directly upon 
the valves. 

All lines entering and leaving the filters, at what- 
ever point they are installed are equipped with 
double valves, one above the other for positive shut- 
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off. When a filter has been filled with clay prepara- 
tory to running oil, each valve on the individual line 
which is in service is opened. Both valves are always 
opened at the same time and closed when the line 
is cut from service. In this way, all valves are known 
to be in working order and not sticking. These valves 
are all equipped with flanged ends for ease in re- 
moving, and if one is closed, but does not shut off 
the flow of liquid, the other one is closed also, which 
prevents the flow of oil. The one found to be in bad 
order is immediately removed and replaced with a 
new valve. 

It was desired to install piping throughout the 
filter plant without threads and couplings, so each 
joint was welded to the other, and welding flanges 
were used where gates were to be placed for control. 
All piping serving the top of the filters is arranged 
and supported above the eight units so that nothing 
is in the way of men when filling a filter with fresh 
clay, or inspecting the process while in service. 
Where a number of lines rise from the head of the 
filter, they are tied together with braces to minimize 
vibration. Pieces of angle irons having the required 
length to pass from each outer line is used as braces 
and “U” bolts secure the piping to the angle iron. 
All connections which required manipulation, such 
as gate valves and the like, are installed in the 
lines at the proper height from the floor of the rooms 
so that an operator can open or close them, or other- 
wise handle them without stooping, or reaching 
above the most convenient point. 

The filter vessels, equipped with conical bottoms, 
have the oil lines installed at the tip of the inverted 
cones, so that all oil can run from the vessels to the 
pumps or tankage. The manholes through which the 
spent clay is removed are in the side of the cone, 
having been installed in that position to facilitate 
the removal of clay, and to prevent disturbance of 
the oil lines. To prevent clay from travelling down- 
ward into the oil-removal lines, a non-corrosive 
screen was placed inside the vessel, on an angle not 
quite so steep as the sides of the cone. The screens 
are installed so the upper surface is flush with the 
lower side of the manhole opening, and sloping back 
and upward to be securely fastened to the interior 
at the base of the inverted cone. The slope which 
these screens have was determined from observa- 
tions carried on in other filter plants, and are in- 
stalled in this manner to facilitate the removal of 
spent clay without it packing against the sides and 
requiring the use of shovels or other instruments to 
break the packed base. As the filter vessels are in- 
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stalled in two rows, each having eight filters, the 
manholes in each row faces those on the opposite 
side, which also provides ease in dumping, so that 
a single belt may serve each battery of filters. 

Endless belts are employed to handle the spent 
clay. They extend from one end of the room to the 
other. When removing the spent clay from any of 
the vessels, it is gradually dumped upon the belt 
through a portable and mobile hopper. This belt and 
track for the hopper runs through the center of the 
room, and to direct the spent clay into the hopper, an 
extension funnel-like piece of equipment is employed 
which may be handled easily, and moved from one 
vessel to another, or, swung across the belt so as 
to service the opposite battery of filters. After the 
filter which is to be emptied has been placed in con- 
dition to remove the spent clay, the hopper is rolled 
to a point over the belt where it is under the man- 
hole of the vessel. The funnel extension is placed 
directly under the manhole and supported by a bail 
which hooks over the hinge of the manhole cover. 
The bolts are removed which permits manipulation 
of the manhole cover so that the clay will spill out 
in a steady stream sufficient to load the 
belt evenly. 

The clay upon the belt is moved to the 
end of the building where it empties upon 
the second conveyor which directs it to 
the elevator receptacle so the buckets may 
move it to the top of the building. The ele- 
vator leads from the side of the filter house 
directly to a chute which delivers the spent 
clay to the top of the clay burner. Electric 
motors are used to move the belts and con- 
veyor buckets, the speed being controlled 
so a steady travel is obtained without piling 
up or spilling the clay over the sides of the 
conveyor belts. The motor used in driving 
the conveyor belts is only a 5-horsepower 
machine, transmitting power to the belt 
pulleys through a 28:1 speed-reducing unit. 


Filter dumping arrangement showing con- 
veyor belt used to remove saturated clay 
from filters to burning unit. 
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Top of Canfield’s new 
filters at Coraopolis 
showing double gates 
on each line to control 
flow of oils should 


one gate fail. 





This is equipped with a pulley on one end of a shaft 
that drives the conveyor belt running through the 
room beneath the conical bottoms of the clay vessels, 
and a sprocket on a cross shaft which, through a 
chain, drives the belt leading to the elevator hopper. 

Reconditioned clay leaving’ the burner is handled 
with an elevator which lifts the clay from the base 
to the top of the filter house building to a storage 
bin placed on the roof. The clay in the bin is re- 
serve material, used for filling a filter after it has 
been cleaned of the spent clay. The base of the stor- 
age bin was placed sufficiently high that clay may be 
moved from it to a screw conveyor which runs the 
full length of the third story of the filterhouse, so 
that any filter may be charged. Four places were 
made in the screw conveyor shell where clay may 
be removed. A spout which was manufactured to 
hook below these takeoff boxes will swing from one 
filter to another opposite, with the discharge end 
lying over the top manhole so that clay may be 
placed where it is needed without being shoveled or 
otherwise handled. This screw conveyor extends be- 








yond the roof of the filterhouse so that clay which 
should be discarded after serving its purpose, can 
be moved to waiting trucks in the alley behind the 
canning and packaging room. Being reversible, this 
conveyor, also equipped with a bucket elevator 
which may be connected to the outer end, is also 
used when unloading cars of fresh clay. The cars 
when received are unloaded directly into the lower 
hopper of the bucket elevator by shoveling the clay 
from the cars, or emptying sacks with hand labor. 
This part of handling the clay is the only time that 
men are needed while it is in the plant, all other 
movements, from filters to burner, and back again, 
finally to the trucks for discarding are made with 
machinery. 

The steam pumps which handle the oil are in a 
room separated from other equipment by brick and 
concrete walls, equipped with windows which fill the 
outer wall so that the maximum amount of natural 
light may be had. Each pump is equipped with 
double instrument control, the controlling instru- 
ment being placed in the discharge lines of the 
pump, while the controller valve is installed on the 
steam lines. One of the instruments is what is called 
the “high pressure” controller, and acts instantly by 
shutting down the pump should the discharge pres- 
sure exceed a predetermined amount. The other, the 
“low pressure” controller acts instantly should the 
discharge pressure fall radically below the normal 
working pressure under which the pump is set. 
These two instruments are safety devices which not 
only protect workmen, but by acting instantly, pre- 
vent the loss of materia'. The high pressure antici- 
pated may be caused from a valve being closed 
against the stream of oil being handled by the pump, 
and the low pressure from a broken pipe, or any 
other failure of equipment which would cause a sud- 
den lowering of pump pressure. 

The sampling room was placed in the corner of 
the building nearest the street and plant office en- 
trance, for convenience, and contains the sight 
glasses through which a portion of the streams is 


Control room of Canfield’s filterhouse in Coraopolis, Penn- 

sylvania, showing sight feed from filters to pumps, pressure 

gauges and constant color sample behind pair of lights in 
left hand corner. 





always flowing so that the operator can easily tell 
what any particular filter is doing. Indicating pres- 
sure gauges were installed against the wall in the 
end of the building, opposite the windows in the 
front so a maximum amount of lighting may be ob- 
tained without resorting to artificial illumination. 
The sight feed, or stream indicating glasses, are fitted 
with sample cocks so a sample of the stream may be 
obtained at any time for determination of color. A 
catch basin, or sink was placed beneath these sample 
cocks and equipped with an adequate drain which 
allows waste oil to flow to a sump where it may be 
gathered up and pumped to slop for rerunning, or, 
it may be charged again to any special filter which 
may be running a particular grade of oil. 

The amount of earth which may be charged to the 
unit when freshly filled is about 200 tons. A special 
grade of filter clay is used, which is treated to per- 
mit a longer life of the material with a corresponding 
greater throughput per ton. With this kind of filter 
clays used in the vessels, anywhere from 700,000 to 
800,000 gallons of oil may be passed through the 
plant during any month, using a 50/50 solution, 
naphtha and oil. Because of the design of the filter- 
house and equipment used, the capacity of this unit 
is about twice as great as the old one which it re- 
places. The cost of filtering the oil to any desired 
color is correspondingly reduced, because of the 
greater capacity, and because of the facilities for 
rapid charging, discharging and final disposition of 
discarded clays. 

Oil flows through the pumps from the base of any 
filter vessel, or combination of vessels, as the case 
may be, directly to the stills where the lighter petro- 
leum fractions are removed, using equipment for- 
merly built for this purpose. From storage tanks, 
the finished oils, after blending to the required 
S.A.E. grades are pumped back to the new plant, 
which contains the packaging equipment, where it 
is placed in the desired type of containers. Being 
situated against the railroad switch which serves the 
plant as a whole, cased and barreled oils are placed 
in cars for final shipment. Throughout the entire 
plant, filterhouse and packaging room, the oil flows 
in a straight line from manufacture to final loading 
without the need of manual handling. 
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Relation Between Refinery Departments and 


The Laboratory 


GEORGE F. FITZGERALD 


Socony-Vacuum Oil Company 


N any active refinery the primary concern of every- 

one is to handle all the business it is possible to get. 
Every effort is made to fill customers’ orders and main- 
tain necessary stocks. These twin objectives are more 
often than not considered the only important ones. In 
the daily rush of handling regular business they are 
kept constantly in sight to the detriment of other im- 
portant but somewhat minor matters. A_ particularly 
neglected point is often that of maintaining proper re- 
lations between departments. 

It is inevitable that in an organization composed of 
interdependent departments friction will develop. The 
reasons for discord vary with the location and size of 
the plant and the nature of the business. Any part of 
the concern which has had its schedule upset by some 
other unit feels that it has a just grievance. If the de- 
lay has been caused by a laboratory rejection there 
arises more than the usual outcry. In many refineries 
there have been feuds of long standing between certain 
departments and the control laboratory. Disputes have 
arisen for various causes and possibly very little has 
been done to locate the basic problems. The resentment 
engendered by verbal battles is allowed to smoulder and 
each party remains convinced that he has been wronged. 
As time goes on the feeling becomes such that any 
plausible excuse is sufficient for making formal com- 
plaint. 

One department will swear hoarsely that it is im- 

possible to get any service on their samples without 
waiting hours. Another will say with great positiveness 
that the laboratory is inaccurate because as many as 
five different results were reported on the same batch of 
oil. The barrel house may argue that a certain one- 
barrel order must have been correctly filled because the 
oil came from a tank which had been approved by the 
laboratory. The oil inspectors may complain that much 
valuable time is lost when wax and petrolatum samples 
without instructions; that most samples are not truly 
representative. 
_ In order to get at the truth of the situation and to do 
justice it is essential to get all the evidence. The labora- 
tory can show that hours are actually required for such 
tests as pour, specific resistance, and penetration; that 
they often take full tests on a sample and then learn 
hours later that viscosity only was desired. On the other 
hand some special test, e.g. demulsibility or carbon resi- 
due, is required on a 7 a. m. sample but word to that 
effect fails to get around until shortly before quitting 
time. Much of the trouble arising from shipments of 
one barrel and less has been caused by transferring 
ve through lines or pumps not thoroughly dis- 
placed. 
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A great deal of friction may be the result of error or 
neglect in the laboratory as well as out of it. Personnel 
in some laboratories adopt a discourteous or arbitrary 
manner in reporting to the plant. This attitude has a 
very undesirable influence on the way in which their 
reports are received. For example, many foremen have 
a feeling that an adverse report on their oil is a per- 
sonal affront and the irritating voice makes him react 
accordingly. Others immediately ascribe the error to 
laboratory technique because nothing could be wrong 
with their oil. A little study will reveal that the old, ex- 
perienced compounder resents being told by a youngster 
that his batch is not properly blended to viscosity. The 
veteran is positive that he is right because he followed 
the routine of years; the lad is equally sure he is right 
because his meter is standardized, his watch is cali- 
brated and his technique is faultless. Where supervision 
is lacking such differences lead to the disputes which 
are the root of many charges against the laboratory. 
Furthermore, if the batch is again agitated and sampled 
until finally the proper viscosity has been reached the 
blender feels vindicated and forever after is convinced 
that the laboratory discovered its own mistake. (He 
overlooks the potent effect of further blowing. This 
point is not so weak as it may appear for the dispute 
just mentioned most often occurs when small batches 
are compounded in relatively large, flat-bottomed tanks. 
Under such conditions the shallow depth of oil will not 
become thoroughly mixed in the time usually allotted 
larger batches. ) 

Much of this interdepartmental friction is due to an 
incomplete understanding of the true function of the 
routine testing laboratory. To begin with, the position 
of the control laboratory should be exactly defined. Is 
it really to exercise control by enforcing specifications 
and rejecting all offtest material? Or is it to act merely 
as a fact-finding agency to collect data of no particular 
value except for filling blanks on printed forms? The 
choice between these definitions is all-important. The 
compromise stand of sometimes one and sometimes the 
other is so obviously unworkable that no comment is 
needed. 

The laboratory logically should be expected to exer- 
cise control by detecting and reporting all deviations 
from standard. In order to do this, representative sam- 
ples should be checked as early as possible in the se- 
quence of refining operations. Obviously corrections can 
be much better made on semi-finished stock rather than 
in the loading tank just before shipping. Solution stills 
furnish a typical case. If they are allowed to run too 
light in viscosity with the vague intention of running 
heavier later on, the storage tank may be filled or the 
solution exhausted before a good average is obtained. 
Then there is no chance for adjustment and the labo- 
ratory is held responsible for allowing off-specification 
stocks to accumulate. 

Next, the responsibility and supervision of the labora- 
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tory should be clearly established. Are the inspectors 
subject to the authority of all plant foremen and de- 
partment heads? Is there an official head of the labora- 
tory who reports directly to the plant manager? Is he 
to be governed by the arguments or opinions of depart- 
ment heads? Does he exercise personal supervision over 
control testing? Do other foremen encroach on his au- 
thority by attempting to direct their own samples 
through the laboratory? 

A study of these questions will reveal many unsus- 
pected causes of friction. A laboratory worker who is 
constantly harassed by three or four men with conflict- 
ing claims on his time finds it difficult to satisfy any 
of them. If his chief is not sure of his own status he is 
in no position to cope with other foremen. If the find- 
ings of the inspectors are subject to discount or dispute 
on the part of plant supervisors, then it is apparent that 
management has given scant thought to a definite policy 
of standards and tests. 

There are in many plants foremen who made their 
start or at least had some experience in laboratory 
work. At first glance it might appear that such a con- 
dition would tend toward closer cooperation. On the 
contrary these same men are apt to cause the greatest 
interference and friction. They will think their inside 
knowledge justifies them in giving orders direct to in- 
spectors and chemists and in ignoring or opposing those 
in charge. Frequently they will take it upon themselves 
to reprimand laboratory workers for real or fancied 
defects in their technique. These gratuitous “correc- 
tions” more often than not reveal how much the indi- 
vidual has forgotten or has failed to keep up with 
changes in methods and instruments. 


INTERFERENCE WITH WORK 


Where the plant men have the habit of running in 
to check up on the progress of their samples the labora- 
tory may gradually be taken as a convenient meeting 
place for officials and foremen. There they confer on 
present operations and plan the future . . . usually in 
the center of the busiest working area. Of course it is 
possible for the inspectors to walk through and around 
these groups but it wastes time. In addition the dis- 
traction caused by such conferences is a very definite 
hindrance to concentration on the work in hand. Also, 
the conferees are apt to tie up the laboratory telephone 
while issuing orders concerning their new plans. These 
activities of officials and foremen are not being de- 
rided. They are recognized as quite essential but, patent- 
ly, they could be effectively handled elsewhere. How 
and where that is to be done is management’s affair. 
If the laboratory is well-directed and unhampered it 
will make personal calls by foremen in quest of tests 
unnecessary by promptly reporting results of all tests. 


The needs of all departments should be studied and 
correlated. Laboratory records should be consulted to 
determine the nature and volume of work required by 
each and the responsible heads should be called on for 
suggestions. Samples should be classified according to 
a general rule of precedence which may be set aside or 
modified when occasion warrants. A schedule of test- 
ing and reporting should be arranged for those depart- 
ments which submit a large number of samples. Ordi- 
narily there is a congestion of samples the first thing 
in the morning and a choice must be made of those to 
be handled first. Unless some rule is applied the selec- 
tion will be haphazard and important samples may be 
delayed. If conditions were constant the choice would 
be the same each day. Actually, changes in operation 
and fluctuation in shipping demands shift the focus of 


attention from department to department. These varia- 
tions can be met with a minimum of lost time only with 
the cooperation of all departments. The laboratory 
should be given notice of changes affecting the se- 
quence of important samples in time to issue instruc- 
tions for re-routing. By thus giving the most urgently 
needed samples the right of way each day the depart- 
ments concerned are assured of tests at the earliest 
possible moment. It follows, of course, that these tests 
must be immediately reported and the proper OK’s is- 
sued to permit preparation of the shipment. 


TRANSMITTING THE REPORT 


In this connection a telautograph is of value. Through 
its use the reports on samples can be sent to the depart- 
ments at the earliest possible moment without the ne- 
cessity of locating an individual on the phone. Instead 
of the usual garbled phone conversation, the foreman 
gets a written record, copy of which is on file at the 
laboratory. 

Where the telautograph or teletype is not available 
full use should be made of the inter-department tele- 
phone. If the other party is apt to be out intermittently 
a schedule for reporting should be adopted. This should 
not be too difficult in routine work where each depart- 
ment’s samples can be routed and scheduled for com- 
pletion at substantially the same hour each day. In 
cases where these tests cannot be immediately reported 
by reason of the absence of the foreman, a later hour 
should be selected when he is sure to be in. It is much 
better to make the laboratory responsible for reporting 
rather than expect the foreman to call up for his tests. 
The truth of this statement can be seen from the fact 
that the urgency will vary from day to day as also 
will the pressure under which the foreman may op- 
erate. Some busy day he will forget to call the labora- 
tory for tests until just before he needs the oil. Then 
he finds his sample off-test or, Heaven forbid! un- 
tested. Such a situation has been known to turn the 
air blue, curl the hair, or even lose a man his job. 


A well-integrated system of supervision and report- 
ing plus departmental cooperation can prevent these 
calamities. The laboratory supervisor ordinarily can de- 
termine from past records the approximate hour each 
day when the tests for each department will be com- 
plete. If he then establishes a routine for reporting to 
each department at a certain hour or hours the process 
becomes automatic. To illustrate: consider a crude dis- 
tillation unit which provides several samples for dis- 
tillation and several for full physical tests. An elemen- 
tary time study may show that the majority of these 
samples is completed at nine o’clock. Then at nine 
o’clock the laboratory supervisor should. collect all the 
available tests for this department and report them. 
After a few days nine o’clock will be a definite re- 
minder to report to the crude distillation unit. The dis- 
tillation foreman will note the regularity and grow to 
depend upon it. Adaptation of this plan to other depart- 
ments will cut down the constant ringing of the phone 
and the frequent complaints of poor service. This is 
not a hard and fast plan but it will take care of the 
routine samples which come in day after day. For those 
special samples coming in at odd hours and requiring 
immediate action, the only answer is full-time, com- 
petent supervision. 


The causes of friction between technical and manu- 
facturing staffs outlined here have been selected as 
typical of average conditions. They do not apply direct- 
ly to every plant but they do reveal a condition to be 
met in the majority of refineries. 
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Determination of Lead in 


Leaded 


T IS often desirable to know the amount of lead 

that a sample of motor fuel contains. A combina- 
tion of standard procedure gives accurate and de- 
pendable results. 

First obtain a true representative sample of the 
product to be analyzed, and measure by some accur- 
ate means 100 cubic centimeters to be used as the 
sample, and place it in a 600 cc. beaker. Add to this 
sample 100 cc. of straight-run kerosine. (This is to 
dilute the sample so that it will not be so hard to 
add the bromine.) Cool the sample and diluent in an 
ice bath which is under a hood. Add bromine solu- 
tion very slowly with constant stirring for there is 
a great amount of heat given off when the bromine 
is added. The person who is performing the analy- 
sis should wear rubber gloves that extend to the 
elbow while the bromine is being added. A solution 
of sodium bicarbonate is used to neutralize the 
bromine if any is spilled on the skin or clothing, as 
it makes a very bad burn and will discolor the cloth- 
ing. The bromine should be added until a perma- 
nent brown color is obtained, the change in color can 
be misleading for the bromine reacts with the dye in 
the sample to produce quite a color change but as 
more is added the desired brown color will appear 
and then fade out as the right amount is approached. 
The lead bromide is usually a light pink. 


Filter with suction through a Gooch crucible that 
has an asbestos mat and which has been dried in 
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Motor Fuel 


W. N. EPLER 
Kanotex Refining Company 


an oven at 212° F. for at least 30 minutes. It is not 
necessary to weigh the crucible. Return this crucible 
to the original beaker and put a few cc. of concen- 
trated nitric acid in it, then add 100 cc. of 10 percent 
nitric acid to the beaker and boil until the lead 
bromide is dissolved. With a stirring rod, loosen the 
mat in the crucible and wash it with distilled water 
and remove it from the beaker. 


The next operation is to boil the nitric solution 
to dryness which must be done with care or the 
thick solution, at the last, will pop out and spoil the 
determination. The dryness can be obtained by using 
a hot plate or an electric heater. As the solution ap- 
proaches the state of dryness, lift the beaker by a 
pair of tongs, tilting it so that the solution which 
remains is collected at one side of the bottom. Keep 
the beaker in a rotating motion so that the bottom 
is kept moist although the solution only remains on 
it a short time. In this manner the entire solution 
may be evaporated to dryness without the loss of 
any of the sample. 


When dryness has been reached remove from the 
heat and allow to cool so that it may be held in the 
hand before adding distilled water to dissolve the 








lead nitrate. If this is not done, there is danger of 
cracking the beaker by the addition of cold water. 

Add about 75 cc. of distilled water and stir for a 
few minutes and filter to remove the asbestos mat 
from the crucible, washing the asbestos on the filter 
with another 25 cc. of distilled water. 

Add dilute ammonia hydroxide solution until the 
solution turns litmus paper blue. Add dilute acetic 
acid solution until the solution turns litmus paper 
red. 

While the solution is cold add 15 cc. of N/10 
normal (K,Cr,O,) potassium dichromate, which 
should give a yellow precipitate. Heat this solution 
until the precipitate collects in large crystals and 
readily settles to the bottom of the beaker. 


Filter the solution through a Whatman No. 44 
paper or equivalent. Wash the precipitate twice with 
15 cc. of distilled water at each washing. Collect 
the filtrate in a 500 cc. Erlenmeyer flask and cool 
to 60° F. Add 10 cc. of potassium ‘iodide solution 
and enough concentrated hydrochloric acid solution 
to liberate the iodine which turns the solution a light 
brown. ‘Titrate with N/10 normal (Na, 5S, O,) 
sodium thiosulphate solution until the brown color 
begins to fade and add 2 cc. of starch solution which 
turns the solution dark blue, then titrate to the end 
point which is the changing of the blue solution to 
a clear colorness one. 

This is a measurement of the amount of (K, Cr. 
O,) potassium dichromate which was not required 
to precipitate the lead as (Pb Cr O,) lead chromate. 
This titration must be subtracted from the amount 
of N/10 normal K, Cr, O, being added which was 
15 cc., giving the amount of K, Cr, O,; used by the 
lead that was contained in the sample. 

Multiply this amount by the factor .248 which 
gives directly the number of cc. of tetraethyl lead 
that was contained in the sample. 

To those who wish to know the origin of the 
factor .248 some explanation is necessary. The titra- 
tion is first evaluated as lead equivalent by the 
formula 

(A—B) & .006907 « 1000 


= Grams per liter total lead 





Sample 
A—B= Amount of K:Cr:O; which reacted with the 
lead in the sample. 
This value is changed to the equivalent of tetraethyl 
lead by the factor 
323.4 molecular weight of tetraethyl lead 





207.0 molecular weight of lead 
giving the weight of tetraethyl contained in the sam- 
ple. This is converted to cubic centimeters of tetra- 
ethyl lead per gallon by the factor 
37.85 





1.65 








Refiner & Natural Gasoline Manufacturer—Vol. 16, No. 2 


Then by combining these into one factor we obtain 


the expression 
.6907 X 323.4 & 37.85 
= .248 


207.0 X 1.65 
The lead which we wish to determine appears in 

the form of tetraethyl lead which is dissolved in the 
fuel. This is reacted upon by bromine which pro- 
duces lead bromide that is insoluble in the fuel. 

Ets Pb + Br.—Pb Br: 
This is the pink precipitate which is filtered from 
the motor fuel. This is treated with nitric acid 

PbBr:-+ 2HNO Pb (NOs) 
changing the lead to the nitrate which is very solu- 
ble in water. The solution is then made basic with 
ammonium hydroxide 

Pb (NO;) + NH. OH—Pb (OH). 
changing the lead to the hydroxide. This solution is 
acidified with acetic acid changing the lead 

Pb (OH):-+ 2HAc—>Pb (Ac): 
to the acetate which is the desired form for precipi- 
tation. The K, Cr, O; is added in excess which forms 
the 





Pb (Ac):+ K Cr O;—Pb Cr O, 
lead chromate that precipitates from the solution 
leaving the excess K, Cr, O;. This is measured by 
allowing it to free iodine from KI solution. 

4HcL K:CrO. KI KIO—4KcL Cr O;+ I: + 2H: O 

Which is determined by titration with Na, S, O, 

2Na: S: Os ote I.—Naa Si Oc + 2Nal 
using starch as an indicator. The starch reacts with 
the free iodine in a very complexed equation which 
gives the dark blue solution as long as free iodine 
remains in the solution. 

In preparing the solutions that are used in this 
determination some explanation is necessary. 

The bromine is diluted with an equal volume of 
carbon tetrachloride for convenience in using and to 
lessen the danger while being handled. 

To make a N/10 normal solution of K, Cr, O,, 
4.904 grams are used in 1000 cc. of water. 

To make a N/10 normal solution of Na, S, O,, 
15.8 grams are used in 1000 cc. of water. 

The iodine solution contains 500 grams of (NaC, 
H, O,) sodium acetate, 48 grams of (KI) Potassium 
iodide, dissolved in and made up to 1000 cc. with 25 
percent acetic acid solution. 

Starch solution which is used as an indicator is 
made from soluble starch added to water and heated. 

With this method and procedure, the desired re- 
sults may be obtained in less time than with the 
method that is commonly used. 
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Three columns used by 
Carter Oil Company in 
Grisso gasoline plant to 
produce any grade of nat- 
ural gasoline or special 
products. 


Operation of Special Columns 


ITH three columns installed and operating in 

the special fractionating department of the 
Grisso Gasoline Plant, in the north side of Greater 
Seminole, Oklahoma, Carter Oil Company produces 
practically any grade of natural gasoline, in addition 
to turning out commertial grades of propane, butane 
and pentane. The raw gasoline is manufactured 
principally in the Grisso plant, located in the same 
yard, but a considerable amount of it is produced by 
other plants in the field, as well as heavier con- 
densate from drips and booster station discharge 
accumulators. The natural gasoline made in distant 
plants is transferred by pipe line, with the heavier 
condensate made in the booster stations arriving in 
the plant through other lines. Drips are picked up by 
truck when cooler weather prevails, all of which are 
mixed with the regular production in as near equal 
proportions as possible, so that the composition of 
the feed to the fractionators will remain fairly con- 
stant. 


The average gasoline after being blended in the 
supply tanks in the plant runs about 93° A.P.I., and 
contains about 3 percent ethane, 12 percent propane, 
24 percent iso and normal butane with the remainder 
being pentanes and heavier. The composition of this 
gasoline is somewhat irregular, due to the drips, 
compression gasoline, with low gravity, and general 
operating conditions. Considerable attention is given 
the receipt of regular natural, as well as drips and 
compression gasoline so that the feed to the frac- 
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In Gasoline 


Plant 


tionators will not vary too widely. The production 
from other plants is received regularly, which does 
not offer a problem, but drips and compression gas- 
oline are received intermittently, and are placed iri 
separate tanks so that these products may be fed 
to the stabilizer or fractionating columns in a regular 
manner. The battery of tanks from which the gas- 
oline is pumped to the fractionators is arranged so 
that blending may be easily accomplished and a fairly 
constant composition may be maintained. But with 
all precautions, weather and other conditions which 
affect the operation of a natural gasoline plant will 
cause an abrupt change in the composition of the 
production. 

The fractionating system contains three columns, 
each equipped with its complement of charge-to-pro- 
duction exchangers, base heaters or reboilers, reflux 
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pumps and accumulators and adequate control instru- 
ments. The first column, through which the raw 
gasoline passes, is 48 inches in diameter and 73 feet 
in height, containing 33 bubble trays and 7 nozzles 
through which the -feed enters the column. The gas- 
oline removed from any of the storage tanks after 
being blended to obtain a uniform composition, is 
pumped to this column under a discharge pressure 
of 250 pounds, gauge. The temperature of the raw, 
unstabilized gasoline may vary with the season, but 
ordinarily it will average about 75° F. Three shell- 
and-tube bottoms-to-charge exchangers are used to 
bring the temperature of the raw feed up to about 
200° F. to enter the column on the sixteenth tray, or 
the middle injection nozzle. The point selected for 
the charge to enter the column may be through any 
one, or a combination of several, injection nozzles, 
but that one which has a temperature more nearly 
approaching that of the feed is used in the majority 
of instances. The feed line leading to the column is 
connected to the manifold with seven openings, each 
being equipped with gate valves in the usual man- 
ner for control. 

The base temperature of this column is ordinarily 
maintained with steam at a temperature of about 
280° F. so that two products may be obtained from 
the column. The top of the column controlled with 
liquid reflux, pumped back over the tower, enables 
the operator to pass practically butane free vapors 
overhead, and propane free gasoline from the base. 
When operating on this type of gasoline, the over- 
head temperature remains constant at 135° F. Several 





Stabilizer in Carter Oil Company’s Grisso gasoline plant, 
greater Seminole, used in conjunction with two other col- 
umns when making special products from natural gasoline. 


variations of operation may be maintained, but, 
when low vapor pressure natural gasoline is desired, 
together with a propane free butane, and a butane 
free propane, the pressures and temperatures are gen- 
erally followed as outlined above. 

Gasoline without any appreciable trace of propane 
leaves the base of the column under processing pres- 
sure, to travel counter-current through the 3 feed- 
to-bottoms exchangers and through a water-cooled 
after-cooler to reduce temperature. Vapors from the 
top of the column, fractionated from the charge, and 
containing a small amount of ethane, are permitted 
to pass against a reflux ratio.of about 25:1. The 
reflux ratio is calculated upon the amount of over- 
head production, instead of the amount of feed to 
the column. Twenty-five times the amount of over- 
head vapors is recirculated, after being condensed 
in shell and tube condensers, cooled with water. This 
reflux ratio is maintained only when it is desired to 
produce a butane free overhead, so that the base 
product will carry all the butanes and heavier hydro- 
carbons. When other methods of operation are being 
carried out, as for example, the production of straight 
26/70 natural, temperatures and reflux ratios are 
changed so that only the essential butanes are left 
in the column with the production te obtain this 
quality of natural. 

In the majority of gasoline plants, where special 
fractionators are operated, as well as simple gasoline 
stabilizers, the temperature in the base of the col- 
umn, or the reboiler, is controlled from a point 
nearby, which allows the introduction of steam for 
temperature maintenance. This column, instead of 
being controlled at a point within the base of the 
column or at the reboiler outlet, is controlled from 
a thermometer well placed upon the thirteenth plate. 
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It has been observed that when an even temperature 
is held at about this point in the column more effi- 
cient fractionation can be obtained due to the fact 
that a considerable part of the necessary separation 
has already taken place in the lower part of the 
column. The temperature recorder-controller em- 
ployed to obtain a reboiler temperature of about 
280° F. is adjusted to operate with a considerable lag 
in controlling the input of steam to the tubes of 
the heating element, because of the length of time 
required for a given volume of vapors to reach the 
controlling point in the column. The action of the 
control valve on the steam inlet is quite slow, open- 
ing gradually as the temperature at the thirteenth 
plate is lowered due to any change in the composi- 
tion of the feed, and closing as slowly when the 
temperature rises above the degree of heat required. 
As the process followed in operating the first frac- 
tionator is for the purpose of eliminating practically 
all of the propane and lighter fractions from the 
column charge, controlling the reboiler temperature 
from a point well up in the column has been found 
to be quite efficient. 

The initial pressure obtained by pumping the raw 
gasoline to the first fractionator of this series, is 
sufficient to carry liquids and vapors on through 
the system without the need of additional pumps or 
compressors. The vapors leaving the top of the first 
column consist of practically pure propane, with only 
the small amount of ethane. Only the amount of 
vapors are condensed that are required to maintain 
the desired reflux ratio of gases removed to liquefied 
gases returned, with the excess passing on through 
the accumulator drums as vapors. Condensation and 
cooling of the reflux are obtained by controlling the 
volume of water flowing through the shell and tube 
condensers with a liquid level instrument on the 
side of the reflux accumulator. Sufficient level is 
maintained in this vessel to carry on column control 
so that condensation of overhead vapors need not 
be exactly constant. 

The function of the second column is that of con- 
trolled weathering to remove ethane and moisture 
from the propane. The pressure carried on this col- 
umn is around 235 pounds, gauge, with a base tem- 
perature of 110° F. Overhead vapors, carrying prac- 
tically no propane are vented to a gathering system 
through which they, together with other undesirable 
products of fractionation, pass through a transporta- 
tion system to other points in the field. The propane, 
liquefied and purified of all lighter hydrocarbons, is 
trapped out of the base of the column through a line 
leading to a calcium oxide drier, erected a short 
distance from the column. This apparatus was made 
by using heavy casing, constructed with bolted man- 
hole covers in the top so that lime may be added 
when needed, and with flanged hand hole openings 
near the base so that spent materials may be re- 
moved. With all water vapors removed from the 
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liquefied petroleum gas, the propane travels, still 
under processing pressure, to pressure storage. 

Bottoms from the first fractionator, butane and 
heavier, pass to the third column for further treat- 
ment. The third column is operated with a pressure 
of 120 pounds, gauge (when making an eleven pound 
natural) with the reboiler temperature carried at 
about 280° F. This column is one of the older type 
units of bottle-neck construction, with the lower half 
larger than the upper. It was originally designed 
with reflux condensers attached to the vapor outlet, 
but others have been substituted and placed on 
supports near the ground, for convenience. With 
close cut fractionation, this battery of columns op- 
erates more efficiently when a certain predetermined 
volume of liquids is returned to the top by pumping. 

When on stream for fractionating a sufficient 
amount of the butanes from the charge to the third 
column, an overhead temperature of about 170° F. 
is obtained by returning a sufficient amount of 
liquefied butane vapors to the top of the column. 
The reflux ratio when on this type of operation is 
6:1, overhead vapors condensed, to that produced 
by fractionation. Gasoline is removed through ade- 
quate charge-to-bottoms exchangers and after-cool- 
ers so that the temperature will be sufficiently low 
for chemical treating when making a doctor sweet, 
non-corrosive gasoline. 

By combining the operation of the three frac- 
tionators, any grade of natural gasoline or special 
cuts may be obtained by varying the pressure and 
temperature, the reflux ratio and rate of throughput. 
Batch charges have been made quite frequently to 
these columns when producing a commercially pure 
pentane cut from the gasoline after it has been de- 
butanized. The usual grade of natural produced from 
the fractionators runs from an eleven pound product 
to a fourteen pound product. 


This plant, and others in the field, are operated so 
that as much of the propane as possible can be 
extracted from the gas, by extra cooling of the ab- 
sorption oil, or by combining a cold oil and an in- 
creased gas-oil ratio in the absorbers. With a cooler 
oil, much of the lighter fractions can be recovered 


‘ without overloading the distillation equipment. 


Butane recovered from the regular “make” is used 
in small quantities at various plants as a refrigerant 
to obtain unusually low temperatures on the absorp- 
tion oil. Large quantities are handled by distributors 
locally, and in various parts of the state for gas 
manufacture. 


The average amount of raw gasoline processed 
daily through the 3 fractionating columns is about 
40,000 gallons. When processed for making 11-pound 
Reid gasoline, the percentages are, 25,000 gallons 
of 11-pound natural, 11,000 gallons of butane and 
3000 gallons of propane. The ethane absorbed from 
the field gases, equalling approximately 3 percent 
of the raw gasoline makes up the remainder of the 
gallonage. 
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Additional Research Into 


Petroleum Emulsions 
Should Prove Profitable 


ETROLEUM emulsions are either a blessing or 

a curse to the oil man. A large number of emulsions 
are made in which petroleum forms a major portion 
thereof, and such emulsions are beneficial in numerous 
ways; but especially so to the oil marketer in that 
sales outlets thus are provided for a wide variety of 
petroleum fractions for which there would otherwise 
be but slight demand. On the other side of the picture 
is depicted the ever-present problem every producer 
of crude oil has to meet; and that is the recovery of 
pipe line oil from oil field emulsions. With the hope 
that it will be of value to these producers, an outline 
of this problem together with suggestions for its solu- 
tion will be given first. A brief summary of the types 
of beneficial emulsions of petroleum will then be given. 


OIL-FIELD EMULSIONS 


Petroleum oil in underground strata frequently is 
in close contact with water in such strata. Such water 
generally contains varying amounts of salts in solution 
and frequently also contains water-insoluble particles 
in suspension. Further than this, in the Mid-Continent, 
Gulf Coast and California oil fields the crude itself 
contains asphalt and asphaltic tars. 


The theory generally accepted that tends to explain 
the formation of emulsions may be stated briefly. When 
extremely fine particles of one substance are dispersed 
in a liquid the resulting mixture is called a colloid. 
Colloids may be divided into two broad groups. Such 
colloids as have an affinity for water and which may 
be dispersed completely therein are called emulsoids 
or hydrophiles. Examples of hydrophilic colloids are: 
glue, starch, sodium or ammonium soaps, etc. Colloids 
that are not dispersed readily in water but which are 
easily dispersed in liquids other than water are called 
hydrophobes. Examples of hydrophobic colloids are: 
egg yolk, asphalt, coal tars, gas carbon, insoluble cal- 
cium salts, etc. Emulsions are mechanical mixtures of 
two or more liquids that are ordinarily immiscible and 
such emulsions can be formed only in the presence of a 
suitable colloid. The most common types of emulsions 
are formed from oil and water. If a hydrophilic colloid 
is present in the water, an emulsion formed from such 
water with’ oil is normally of the oil-in-water type in 
which the droplets of oil are coated individually with 
extremely thin films of water. Examples of this type 
of emulsion are: pigmented paints and varnishes, but- 
ter, margarine, fresh milk, medicinal salves, etc. How- 
ever, if a hydrophobic colloid is present in either the 
oil or the water, an emulsion therefrom formed is gen- 
erally of the water-in-oil type in which tiny droplets of 
water are coated with very thin films of oil. Practically 
all oil field emulsions are of the water-in-oil type. 
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BREAKING EMULSIONS 

Keeping in mind the fundamental facts that emulsions 
are formed only in the presence of colloids; that water- 
in-oil emulsions are formed most readily in the presence 
of hydrophobic colloids and oil-in-water emulsions in 
the presence of hydrophilic colloids; and that the film 
of oil enclosing the minute droplets of water in water- 
in-oil emulsions is very tenacious ; the problem of break- 
ing water-in-oil emulsions resolves itself into the re- 
moval or decomposition of the hydrophobic colloids 
therein or the rupturing of the oil films surrounding 
the water droplets and thereby permitting the coalesc- 
ing of such droplets into drops which may settle by 
gravity from the oil. 

In cases where the hydrophobic colloid present in 
the oil field emulsion is asphalt, such asphalt may be 
removed by means of chemicals which have a strong 
preferential solvent action on asphaltic compounds. 
Parenthetically, it has been found that any of those 
compounds that are used successfully for the solvent 
refining of lubricating oil also serve to break water-in- 
oil emulsions in which asphalt is the emulsifying agent. 
However, as a rule the cost of using solvent-refining 
chemicals for breaking oil field emulsions is prohibitive 
in that relatively large proportions of such chemicals 
dissolve in the treated oil or in the water and sludge 
separated therefrom. Chemicals which actually react 
with asphaltic compounds in emulsions are not used 
because of the fact that such chemicals either react with 
the treated oil also or else with the water present to 
form compounds that are detrimental to the quality of 
the oil or that corrode the pipe lines or tanks contain- 
ing the treated oil. 

Due to the fact that in nearly every instance an oil 
field emulsion contains not only asphalt but other hy- 
drophobic colloids as well, the problem of breaking such 
emulsions must be attacked from an angle other than 
that of removing the asphalt from the crude oil. The 
attack therefore settles on the rupturing of the oil film 
encasing the individual water droplets. Oil films may 
be broken in numerous ways. The emulsion may be 
heated sufficiently to cause the water droplets to expand 
and thereby reduce the surface tension of the oil to 
such an extent that the oil films will break and thus 
permit the water to coalesce and settle. This is the old- 
est known method of breaking oil field emulsions. The 
emulsion may be agitated with copius quantities of 
pure water. This method operates successfully only on 
those types of emulsions in which the hydrophobic col- 
loid present is partially soluble in pure water; thus 
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permitting the washing out of the colloid itself from 
the emulsion. 

In cases where the water present in the oil field 
emulsion contains electrolytes in solution, it is possible 
to break such an emulsion readily by passing an electric 
current through the emulsion. This serves the double 
purpose of heating the emulsion and thereby reducing 
the surface tension of the oil films and of changing or 
neutralizing the electric charge on the film and thus 
reducing its power to adhere to the water droplet. Elec- 
trical dehydrators are used quite extensively for break- 
ing oil field emulsions, especially in localities where 
electric power rates are low. The most obvious advan- 
tage of electrical treatment over chemical treatment of 
emulsions is that there is no possible contamination of 
the treated oil with harmful chemicals or residues. 

If a hydrophilic colloid is introduced into an emul- 
sion which already contains a hydrophobic colloid, the 
two colloids tend to oppose each other and thus the 
surface tension of the oil films become nil and the water 
droplets coalesce rapidly. In other words the added col- 
loid tends to form an oil-in-water emulsion from the 
water-in-oil emulsion and thus reduces the adhesive 
power of the oil films therein to such an extent that 
the water droplets break through these films and settle 
by gravity from the oil, thereby breaking the emulsion 
completely. In order to be truly effective in breaking 
the emulsion the hydrophilic colloid should be readily 
dispersible in the emulsion itself and its rate of solution 
in either the oil or water should be comparatively slow. 
Due to the fact that glue, starch, and colloids of a like 
nature are not readily dispersible in an oil field emul- 
sion, such compounds may not be used successfully 
for this purpose. However, sodium and ammonium 
soaps are true hydrophilic colloids; are readily dis- 
persible in oil field emulsions ; and their rates of solution 
in the oil are extremely slow. Therefore such colloids 
comprise the bulk of the compounds used for breaking 
such emulsions. 


USE OF SOAPS 


Soaps are essentially inorganic esters and may be 
in the solid, liquid or paste form. Only the liquid soaps 
are used for breaking oil field emulsions. Such soaps 
are normally formed by the hydrolysis and esterfica- 
tion of vegetable or animal fats by means of caustic 
or ammonia. It has been found that if certain vegetable 
fats, particularly castor oil, are first sulfated with con- 
centrated sulfuric acid and then either partially or 
wholly saponified with caustic or ammonia, the result- 
ing compound is a liquid that is readily dispersible in a 
water-in-oil emulsion and has a very slow rate of solu- 
tion in petroleum oil. Therefore such sulfo-soaps, as 
they are called, form the base product from which 
nearly all oil treating chemicals are made. To this base 
may be added other liquids which, in the main, tend to 
reduce the viscosity of the soap or render it more read- 
ily dispersible in the oil field emulsion. 

In brief, the method of making a sulfo-soap from 
castor oil comprises mixing concentrated sulfuric acid 
with pure castor oil under rigid control of temperature ; 
allowing the acid to remain in contact with the oil for 
a predetermined period; washing the excess acid from 
the sulfated oil with water or a sodium sulfate solution; 
and then saponifying the washed oil with an ammonia 
solution or a solution of caustic and ammonia. It will 
be noted that there are so many variable factors present 
that an almost unlimited number of sulfo-compounds 
or bases may be formed in this manner. Upon the con- 
centration of the sulfuric acid used and the amount 
thereof depend the degree of sulfation of the castor 
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oil. The temperature at which sulfation occurs and the 
time of contact of the sulfuric acid with the castor oil 
are variables which must be kept under rigid control in 
order that the reaction product may be duplicated. The 
amount of water used in washing the sulfated castor 
oil (which is insoluble in water) is a variable in that 
any free sulfuric acid remaining in the mixture after 
washing will react with the caustic or ammonia which 
is added later and so cause undesirable side-reactions 
to occur during saponification. Also the strength of the 
caustic or ammonia solution and the proportion thereof 
used are variables which determine the degree of 
saponification of the sulfated castor oil. The degree of 
saponification will likewise determine the proportion of 
glycerine present in the finished base. Glycerine is a 
by-product of saponification and is regarded generally 
as beneficial in emulsion-breaking compounds. When 
it is considered that castor oil is but one of the many 
vegetable or animal fats that may be sulfated and then 
saponified, it may be realized that the services of an 
experienced oil-fat chemist are required to make sulfo- 
soaps for use in breaking emulsions. 

“Sludge acid,” or the acid remaining from the acid 
treating of petroleum fractions is sometimes used as 
such ore is neutralized with ammonia and then is used 
as a compound for breaking oil field emulsions. Also 
naphthenes may be sulfated and then neutralized 
with caustic to produce a base frequently used in the 
compounding of emulsion-breaking chemicals. 


OTHER PETROLEUM EMULSIONS 


There are such a great number of types of emulsions 
formed or produced with petroleum or its fractions 
as a component that it would require several pages 
just for the listing of them. Therefore only a few of 
the so-called beneficial types will be noted here. Petro- 
leum asphalt may be emulsified with water in numerous 
ways to produce emulsions that are used as paint, road 
building material, or roofing compounds. Such emul- 
sions may be of the water-in-oil type or the oil-in-water 
type; depending on the colloid that is added. Various 
types of steam-engine lubricants and practically all 
greases made from petrokum are emulsions. Nearly all 
of the so-called dormant sprays used in horticulture 
are emulsions of petroleum fractions with water to 
which insect poisons are sometimes added. Sodium 
plumbite solutions used for doctor treating gasoline 
are in reality.emulsions of oil, water and an insoluble 
colloid. Carbon black may be emulsified with glycerine 
and lubricating oil to form printing inks. Emulsions of 
sodium soaps with petroleum oil and small amounts 
of water are used to remove “hardness” from water 
by forming insoluble calcium soaps with the calcium 
compounds in such water. The oil present in the emul- 
sion forms a protective film around the calcium soap 
as soon as it is formed; thus permitting such impurities 
to be filtered from the water. Emulsions of road oil and 
water are much more satisfactory for dust-laying pur- 
poses than either water or oil alone. Heavy fuel oil 
emulsified with a zinc chloride solution is used for pre- 
serving wood. Sewage may be clarified by emulsifying 
it with petroleum oil. Emulsions of heavy petroleum oil 
and water may be heated in the presence of a small 
proportion of air to form a fixed combustible gas which 
has a high calorific value. Most important of all from 
the standpoint of future research is the interesting pro- 
posal to render gasoline conducting by emulsifying it 
with an electrolytic solution and then pass an electric 
current through this emulsion to precipitate the gums 


[Continued on page 93] 
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TANDARD OIL COMPANY OF CALIFORNIA completed 
the first commercial installation of the Koppers Sodium Phe- 
nolate gas-purification process at its El Segundo refinery in August, 
1936. The piant produces relatively pure hydrogen sulfide which, in 
turn, is oxidized to sulfuric acid. The unit is designed to produce 
an average of 85 tons of sulfuric acid a day. The unit is operating 
on 13,000,000 cubic feet of cracked gas a day, which contains 4.5 
percent hydrogen sulfide. Following successful operation of this 
installation it was announced recently that The Atlantic Refining 
Company will erect the first plant of this type in the East at its 
Philadelphia refinery. This plant will purify refinery gas and is to 
be erected by the engineering and construction division of The 
Koppers Company. 

The sodium phenolate gas-purification process was developed for 
the purpose of purifying refinery-still gas and natural gas with the 
profitable production of substantially pure hydrogen sulfide. Since 
hydrogen sulfide frequently occurs in such gases in high concen- 
trations, sulfur may be recovered from them at a cost which is 
considerably lower than that of natural brimstone at its source.? In 
addition to the production of low-cost sulfur, the gas is purified to 


Standard Oil Company of Cal- 
ifornia began operating the first 
installation of the Koppers So- 
dium Phenolate gas purification 
plant at the El Segundo refinery 
in August, 1936. This plant op- 
erates on 13,000,000 cubic feet 
of cracked gas per day. 
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the extent of 95 percent to 99.8 percent. By this type of 
process the refinery gas is prepared for further treat- 
ment in a polymerization unit for production of 
liquid products. 

Sulfur recovered by the sodium phenolate process 
is in a form readily adaptable to the manufacture of 
sulfuric acid by any of the conventional methods. 
Often there is sufficient sulfur in the cracking-still 
gas generally burned under boilers to supply the 
acid requirements of the entire refinery, and at a cost 
which may be as low as 50 percent of contact acid 
cost. Acid plants of modern type used for converting 
hydrogen sulfide gas into sulfuric acid are simple 
compact units which are practically automatic in 
their operation and require no special type of labor 
and supervision other than the usual refinery per- 
sonnel. 


SIMPLE APPARATUS 


The purification system consists of an absorption 
stage and an actification stage through which the 
sodium phenolate solution is continuously circulated. 
This solution has a high carrying capacity for hydro- 
gen sulfide, amounting to 2000 to 4000 net grains per 
gallon. As a result, it is necessary to circulate only 
five to ten gallons of solution per thousand cubic 
feet of gas. The low circulation rate contributes to 
low operating expense and the simplicity of equip- 
ment required. 

Referring to the flow diagram, Figure 1, the hy- 
drogen sulfide-laden gas enters the absorber at the 
base, passes up through the bubble-cap trays and 
leaves at the top, stripped of 95 percent of its hydro- 
gen sulfide. The solution leaving the bottom of the 


1Egloff, “Cracking and its Economic Significance,” Refiner, Vol. 15, 
No. 12, December, 1936, page 544. 
*Refiner, Vol. 15, No. 10, October, 1936, page 476. 
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absorber, saturated with hydrogen sulfide with re- 
spect to the incoming gas, passes through the heat- 
exchanger tubes, to the top tray of the actifier. It 
flows down over the actifier trays, counter-currently 
to the stripping steam which is generated in a re- 
boiler at the base. Sufficient indirect steam is used to 
effect the desired degree of actification of the solu- 
tion. This, in turn, is determined by the maximum 
residual hydrogen sulfide desired in the exit gas. 

The actified solution flows from the reboiler 
through the heat-exchanger shell, is further cooled in 
the solution cooler, and is then pumped to the fourth 
tray below the top of the absorber. The absorption 
cycle starts again at this point. 


Hydrogen sulfide-laden steam passes from the top 
of the actifier to the dephlegmator shell and from 
here the hydrogen sulfide is forced, by means of the 
actifier pressure, to the acid plant burner or other 
point of disposal. Condensate from the dephlegmator 
returns to the actifying column. 


Fresh water is added continuously to the top tray 
of the absorber. The three top trays comprise, in 
effect, a water scrubber to recover chemicals which 
have been entrained or evaporated from the solu- 
tion. It is necessary, at intervals of several days, to 
replenish chemicals lost from the system and a small 
mixing tank is provided for this purpose. The caustic 
soda and the crude phenol used in the process are 
relatively inexpensive. 

The plant to be erected for The Atlantic Refining 
Company at Philadelphia will be able to recover the 
hydrogen sulfide from 22,000,000 cubic feet per day 
of refinery still gases at 225 pounds pressure. The 
hydrogen sulfide may be converted to sulfuric acid 
and the purified gas will be further processed by 
polymerization. 
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Synthetic Lubricating Oils 


By Transformation of 
Chlorinated Hydrocarbons 


(Translated from Petroleum) 


- jipane omigiy decomposition of chlorinated hydro- 
carbons leads to the formation of either resins, 
tars, drying oils or lubricants, depending on the na- 
ture of the raw stock and the treating conditions. In 
these transformations the chlorine is liberated as 
hydrochloric acid and the result is usually ring-for- 
mation and polymerization of the resulting unsatu- 
rated radicals or remaining nuclei. 

Most of the researches in this field deal with the 
use of chlorinated paraffin wax. Suitable paraffin 
wax is obtained, besides from petroleum, from low- 
temperature carbonization of coal tar, lignite tars or 
directly from the waxy products of the Fischer- 
Tropsch synthesis. 

The chlorination is carried out by passing chlorine 
gas at the optimum temperature through the melted 
wax with very active stirring and efficient contact 
between gas and liquid. Iodine acts as a catalyst for 
this reaction. The presence of iron, copper and 
aluminum metal acts as a catalyst for the decompo- 
sition of the chloro-compound. The material can 
easily be decomposed or dechlorinated at tempera- 
tures between 250 and 350° C., or at much lower 
temperatures in the presence of aluminum chloride, 
which is an excellent catalyst for this purpose. Start- 
ing with the “Kogasin,” boiling over 220° C., pro- 
duced by the Fischer-Tropsch water-gas synthesis, 
lubricating oils are produced by chlorination fol- 
lowed by condensation at 130°C., using activated 
aluminum metal. After the reaction has proceeded 
for one or two hours at this temperature active 
evolution of hydrochloric acid gas is evident and 
the reaction from then on completes itself in about 
7 to 15 hours depending on the chlorine content of 
the raw stock employed. The viscosity of the product 
compares favorably with that of high grade natural 
lubricants. Employing higher decomposition or de- 
chlorination temperatures, or a subsequent heating 
to very high temperatures, will however, exert a bad 
effect on the general quality of the finished product. 

Polymerization is known to be the formation of 
high molecular weight substances from low molecu- 
lar weight compounds, of similar type of molecules. 
By condensation one understands a reaction in which 
are built up new and usually higher molecular weight 
hydrocarbons or compounds from low molecular 
weight compounds of dissimilar substances or hydro- 
carbons, which latter are quite different in properties 
from those of the end product. Considerable research 
has already been completed by those employing 
aluminum chloride, boron fluoride, etc., as catalysts 
and the use of cracked unrefined gasoline, kerosene, 
etc., as sources of olefin materials, as well as the by- 
products from benzole purification plants which has 
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resulted in producing lubricants of high quality by 
condensation methods. The reaction can be carried 
out in liquid or vapor-phase processing. 

The condensation of ethylene and naphthalene has 
been thoroughly investigated at the University of 
Birmingham. It was shown that at least 20 percent 
of aluminum chloride as catalyst was necessary, at a 
temperature of at least 250° C., for complete and 
rapid conversion. At this temperature the conversion 
is rapid and at an optimum. The yield of lubricant 
fractions from the reaction-product is fairly large, 
but there is always an attendant resinous sludge 
layer formed at the same time, which is about 30 
percent of the original stock. The lubricants thus 
formed show high densities and high refractive in- 
dices. Their stability is less than that shown by the 
natural lubricants (oxidation stability), even though 
there is usually no sludge formation. The viscosity 
index, one of the most important properties of an oil 
or lubricant is in general poor. The color of these 
oils is good, and resins are absent. Similar to the 
above condensations is a Friedel-Craft synthesis 
carried out on a practical scale in the United States, 
or the manufacture of a synthetic motor oil, called 
“Paraflow” ; this oil is made from chlorinated paraffin 
wax using either benzole or naphthalene, and with 
aluminum chloride as a catalyst; an insert petroleum 
light oil is used as a diluent. This synthetic oil 
possesses the very unusual property, that when 
mixed with an oil of high pour-point in small 
amounts, of substantially lowering the pour-point of 
the mixture. Used in larger amounts it is generally 
employed to improve the characteristics of ordinary 
motor-oils or inferior oils to the level of high quality 
lubricants. 

The Friedel-Craft reaction has been employed to 
manufacture lubricants from the high boiling frac- 
tions of “Kogasin,” obtained in the Fischer-Tropsch 
synthesis. The results obtained in Germany have 
been previously published. Subsequent reports of re- 
searches carried out at the University of Birming- 
ham show that reactions analogous to or similar to 
those mentioned above can be easily and efficiently 
carried out by the use of metallic aluminum instead 
of aluminum chloride. In this method organic addi- 
tion compounds containing both chlorine and alum- 
inum are formed, which by subsequent breaking up 
with water (hydrolysis), neutralization, and a finish- 
ing distillation yield viscous lubricants. The new 
catalytic method for condensing chloro-waxes with 
the aromatics was next thoroughly investigated. It 
was found that long paraffin chains are valuable 
constituents of lubricating-oils. One therefore em- 
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ploys in such synthesis raw materials containing 
these long chains, namely paraffin wax; this is then 
chlorinated. A paraffin wax of 124° F. melting point 
is chlorinated using iodine as a catalyst, until the 
mass has absorbed 10, 17.5 and 25 percent of chlorine ; 
this chlorine content represents approximately mono, 
di and trichloro paraffin. At best the chlorination 
does not take place completely and in simple fashion, 
so that the product containing 10 percent of chlorine 
already contains small amounts of the di and tri 
chloro-paraffins. 

These chlorinated paraffins were next condensed with 
various ring-compounds (aromatics) using aluminum 
metal as a catalyst. In all cases 10 percent of aromatics 
were used, and the aluminum added in the presence of 
an inert high boiling petroleum solvent, such as kero- 
sene, in order to keep the mass liquid and facilitate 
thorough mixing and to maintain a good control of the 
temperature during reaction. Using solid aromatics such 
as naphthalene at moderate temperature (above room 
temperature), and a diluent is of course necessary. 
When employing the liquid aromatics, such as benzole 
or its homologues, the reaction proceeds fairly rapidly 
at room temperatures; in the latter cases, a solvent 
such as petroleum naphtha is still advisable. When the 
mono and di chloro paraffin is condensed with benzole, 
toluol or naphthalene, there resulted semi-solid to solid 
hydrocarbons of melting points as high as 85° F. The 
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tri chloro paraffin, instead will yield with the same aro- 
matics, clear viscous oils of light color, resembling the 
natural lubricants. The density and refractive index of 
the oils made from tri chloro paraffin depend largely 
on the nature of the aromatic used. Stability of viscos- 
ity to changes in temperature or viscosity index is high 
in all cases. 

By the use of aluminum as a catalyst one will obtain 
excellent yields: 70 to 80 percent of finished oil based 
on the original raw stock. If instead one employs alumi- 
num chloride as a catalyst with tri chloro ‘paraffin and 
naphthalene at ordinary temperatures a very rapid re- 
action results, accompanied with an exceedingly rapid 
evolution of hydrochloric acid gas, and the final product 
is a black rubbery mass. 

The use of metallic aluminum as a catalyst yields 
besides high grade lubricants, about 20 percent of a 
heavy black resin, containing aluminum chloride com- 
pounds and which is active enough to be employed in 
a subsequent or new condensation. 

The color of the final oil is decidedly dependent on 
how completely the resinous or sludgey components are 
separated from the supernatant oily layer. 

From the residue or sludgey material one can by the 
use of solvents, extract certain valuable coloring com- 
pounds. A small amount of the latter added to very pale 
oils imparts to them a strong and well-appearing fluor- 
escence. 
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therein and to render any organic sulfur compounds 
present reactive to the electrolyte itself ; thereby remov- 
ing such sulfur compounds and breaking the emulsion 
at the same time. 


CONCLUSIONS 


In view of the above it is apparent that more research 
into the problems of making and of breaking emulsions 
in which petroleum, or its fractions, comprise a part 
thereof is not only advisable but should be profitable. 
For example, since the early days in the oil fields, it 
has been accepted as fact that the only way to deter- 
mine the effectiveness of an emulsion-breaking chemical 
was to try out a number of such compounds on large 
batches of oil field emulsions at the point where such 
emulsions have been produced. The reason given for 
this inefficient and costly practice has been that a sample 
of such an emulsion could not be shipped any distance 
without at least partially breaking. This seems to be a 
very poor excuse when it is realized that efficient and 
inexpensive laboratory-size colloid mills are available 
and that a sample of a “broken” oil field emulsion may 
be fully re-emulsified simply by passing it through one 
ot these colloid mills. In fact, samples that have been 
stored for several months have been completely re- 
emulsified as needed by the aid of a colloid mill. There- 
fore much time and money may be saved and more 
efficient use of chemicals may be had if the field men 
would send samples of their actual oil field emulsions 
In to a central laboratory where such samples may be 
used as needed for testing the effectiveness of the emul- 
sion-treating chemicals being used or proposed. The re- 
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search laboratories of nearly every large oil company 


contain one or more such colloid mills and these mills * 


could be used for the above purpose in addition to their 
use in the preparation of experimental types of emul- 
sion. 
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Water Circulation Over 
Cooling Tower 


[Te relieve pumps of extra duty, and 
to conserve steam, J. E. Crosbie, 
Inc., installed a multiple system of gas 
jetting in the main cooling tower at the 
Fitts gasoline plant, to circulate water 
from the cooling-tower basin over the 
cooling sections. The cooling-tower ba- 
sin extends three feet past the end of 
the tower foundation. Four holes were 
drilled, cased and cemented for wells 
in which the water flows from the ba- 
sin itself. Each well is equipped with 
a string of pipe and fitted with a gas 
line to jet the water from the well to 
the top of the tower. The wells have 
sufficient depth to secure the neces- 
sary submergence for jetting water. The 
gas is scrubbed through small vessels 
placed on the gas line in front of the 
jet columns to prevent contamination 
of water by oil and other foreign mat- 
ter flowing with the gas from the resi- 
due scrubbers. Adequate cooling of 
tower water has been secured from 
the first by this type of circulation sys- 
tem, without cost for steam or other 
motive power to drive extra pumps. 


Rising Stem Gate 
Valve Guard 


A® easily removed rising-stem gate 
guard can be made by using pieces 
of two-inch pipe welded so that one 
part forms a riser and the other locat- 
ed so it can be slipped over the stem 
of the gate valve. The riser is of suffi- 
cient length that it can be placed in 
the ground without concrete or grout 
to stiffen, and when it is necessary to 
remove the guard, it can be slipped 
backward and upward at the same time 
without excessive pulling. 

At all points where gate valves are 





Water Circulation Unit 


placed in vertical lines, these guards 
are placed, especially on gas lines to 
absorbers and to and from scrubbers. 
The apparatus is both simple to con- 
struct and inexpensive and affords pro- 
tection where it is greatly needed. The 
guards shown are in service at Carter 
Oil Company’s Fitts gasoline plant. 


7. Sa 


High Pressure 
Automatic Scrubber 


esg under a pressure of 1400 pounds 
is handled in Skelly Oil Company’s 
Cunningham, Kansas, gasoline plant, 
and the usual after-scrubbers were 
placed in the stripped gas lines, but 
to prevent a possible carry-over of 
liquids which might interfere with gas- 








Rising stem gate guard 
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lift and repressuring operations in the 
field, a special scrubber was added, 
This was placed in the gas line at the 
point where it left the plant yard. 
This scrubber was made in the plant, 
using good pieces of heavy casing set 
vertically with the intake line con- 
nected to the pipe near the base. The 
outlet is connected at the top, and a 
mist extractor in the column prevents 
liquids from passing out with the gas. 
A liquid level instrument on the base 
of the column automatically drains and 
traps any liquid from the column to 


the mineral seal oil system in the 
plant. 
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Tail, or residue gas scrubber used to 

remove mineral seal oil after passing 

from high pressure absorbers en route 
to field for gas lifting. 


Test for Corrosion 


A SIMPLE, quick, yet very sensitive 
method of running a corrosion test is 
as follows: Dissolve 20 cubic centimeters 
of butyl mercaptan in one liter of sulphur- 
free kerosene for your stock test solution. 

In running the corrosion test, pour ap- 
proximately twenty five cubic centimeters 
of the oil to be tested into a four ounce 
bottle, put five drops of the mercaptat 
solution into the oil and agitate vigorous 
ly. Pour ten cubic centimeters of ordinary 
doctor solution into the bottle and shake 
again. Any black or dark brown discolora- 
tion or black scum on the surface of the 
doctor solution indicates a positive corro- 
sion test. 

This method is reliable when correlated 
with the copper strip and is particularly 
valuable to treaters in plumbite swecetet- 
ing plants where the oil may go “off cor- 
rosion” at any time. 

Greggton, Texas. W. S. C. 
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Loading Rack 
Swing Funnels 


LLEGHANY REFINERIES, INC., 

at Bolivar, New York, made load- 
ing rack tank car fill pipes all a certain 
length so they could be used in tank 
cars not exactly on “spot.” The risers 
enter through the floor of the rack and 
are fitted with the usual swing joints. 
Instead of supporting racks built to 
hold the ends of these loading pipes, a 
manifold is attached to a line leading 
to the slop disposal system. 


¢ ¥ 





Funnel to prevent dripping gasoline 
from falling on loading rack walkway. 


This manifold was made with five 
nipples welded at right angles to a 
larger piece of pipe attached to this 
riser, so the loading pipes could be 
inserted in these nipples for drainage. 
The natural leakage, gasoline and oth- 
er products, coming from the lines 
after they had been used fall into these 
funnels and the small amount saved for 
rerunning. A clean rack is the result, 
free from inflammable material which 
always creates an additional fire hazard. 


Temporary Dome Cover 


THE sketch shows a temporary tank- 
+ car dome cover for use while load- 
ing petroleum products during inclem- 
ent weather. 

For gasoline and other light prod- 
ucts the cover acts as a diffuser and 
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emerging from the car in a continuous 
column. 

For asphalt and fuel, the cover pre- 
vents the entrance of rain, snow, etc., 
in quantities sufficient to cause any 
difficulty. 

The cover is made of No. 20 gauge 
galvanized sheet and is soldered into 
form. The drawing is self explanatory. 

Harotp BotroMLeEy, 
Arkansas City, Kansas. 


Automatic Drip on 
Intake Scrubbers 


LUID entering intake scrubbers in 

gasoline plants and booster sta- 
tions is removed by several different 
methods, either automatically or by 
manual control. In a new station in 
the Mansion Pool of Oklahoma City, 
two valves are made to operate in uni- 
son. The scrubbers are placed verti- 
cally, having skirts upon which the 
vessel rests, and also having outlet 
connections in the lower head for the 
removal of liquids. Outside the vessel, 
a manifold is provided, one part ar- 
ranged so that fluids may be removed 
through a manually operated gate 
valve, and another for the automatic 
valve. The outlet from the automatic 
valve is connected through piping to 
a buried receptacle which receives the 
liquid. Lines leave the underground 
vessel and pass through a second man- 
ifold in which a second automatic 
valve is placed. Operating tubing is 
connected to a remote control unit lo- 
cated on the manhole cover of the 
underground vessel, which in turn is 
actuated by a float arm that rises and 
lowers as the fluid level changes in- 
side the tank. 

The automatic valve on the manifold 
connected to the scrubber is one which 
remains open to permit the fluid to 
drain into the vessel below the ground, 
but when the fluid level rises to a cer- 
tain height in that tank, the remote 
control mechanism begins to function 
closing the valve at the scrubber and 
at the same time opening the valve on 
the outlet connection leading from the 
underground vessel permitting the 


fluid to be blown to the proper recep- 
Reverse operation 


tacle in the plant. 
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of the two valves was decided upon so 
that if for any reason, the outlet valve 
should become jammed while relieving 
the buried vessel, the valve on the out- 
let of the scrubber would remain 
closed. 


Jet Circulates Vapor- 
Recovery Gasoline 


| Seat vapor-recovery gasoline 
in a refining plant becomes a rela- 
tively simple matter when a few gad- 
gets are put to work. Because treating 
solution brings on constant supervision 
when it is continuously circulated with 
pumps, Wilcox Oil & Gas Company 
made a simple connection on the sec- 
ondary gasoline storage tank which ac- 
complishes contacting the gasoline with 
the doctor solution and circulates the 
chemicals at the same time. 

The tank in which the gasoline is 
placed when it leaves the vapor re- 
covery plant under process pressure is 
10 feet in diameter by 40 feet in length. 
The connection through which the gas- 
oline originally entered the vessel was 
placed in the lower side of the front 
head, and when completing the circu- 
lating connection, a similar two-inch 
line was connected to the water drain 
connection at the back end of the tank 
and attached to the one entering the 
tank at the front. To secure adequate 
mixing and circulation an ejector is 
fitted in the line where the junction of 
the circulating line meets the line car- 
rying the gasoline from the accumula- 
tor tank to the larger vessel. 

Doctor solution is placed in this tank 
until it reached a depth of about 18 
inches, which has been found to be suf- 
ficient for adequate circulation and 
treating. The pressure of the gasoline 
drained from the plant accumulator un- 
der the process pressure is sufficiently 
high to cause the jetting action neces- 
high to cause the jetting action. 

Treating is semi-batch, in that the 
gasoline entering the tank is contacted 
with the doctor solution and remains 
in the tank until it becomes filled. 
When sufficient production has been 
made that the gasoline must be trans- 
ferred, it is removed through a line 
attached to the back of the tank hay- 
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ing a connection or riser inside the 
shell sufficiently high that no treating 
solution is removed during the trans- 
fer. Pumps are eliminated in this oper- 
ation,” because process pressure upon 
the accumulator tank is sufficient to 
transfer the gasoline to the combina- 
tion treating and storage tank and to 
cause circulation of the chemicals. Com- 
pressed air is used to transfer the gaso- 
line from this tank to storage. 


**Loping”’ Cured in 
Gas Engine 


HEN one of a battery of vertical gas 

engines suddenly went tempera- 
mental, running as sweetly as its mates 
for hours on end and then beginning to 
lope and lose power; all the usual tests 
of ignition, compression, fuel lines, mix- 
ing valve and head gaskets were made, 
without finding anything wrong—and 
without accidentally correcting the trou- 
ble, as sometimes happens. 

At the first opportunity the engine was 
shut down, and the head pulled from the 
cylinder suspected of causing the erratic 
operation. Immediately the trouble was ap- 
parent. The exhaust valve seat—of the in- 
serted type—was held in the cast-iron 
cylinder head by a ring of soft steel, de- 
signed to be peened into the sloping, an- 
nular space between valve seat and head. 

Under service conditions this locking 
ring had worked loose, allowing the seat 
insert to follow the valve down as the 
cam moved it, the seat sliding in the 
groove and acting as a sleeve to cut off 
the exhaust port as effectively as did the 
valve itself. That particular cylinder was 
then unable to clear itself of burned 
gases, and in consequence was prevented 
from drawing in a full charge of fresh 
mixture on the suction stroke. 

Peening, the method used for expand- 
ing the lock ring, “L” in the sketch, failed 
to hold the seat tightly, and there was no 
hydraulic press available for upsetting the 
ring cold and making it serve. 

As a last resort, the play being sufficient 
for the valve seat to be completely re- 
moved from the casting, the lock ring was 
firmly clamped in place, and six equally- 
spaced holes drilled around the circle on 
the line between ring and cylinder head. 
These then were tapped for %-inch bolts, 


the thread being carried full up with 
bottoming taps. 

The lock ring then was pulled, and a 
thin copper “Dutchman” or shim was cut 
from 0.004-inch stock so as to fit the bot- 
tom of the recess and extend just as far 
as the locking ring. Over this the seat and 
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H—Cylinder Head L—Locking Ring 
S—Valve Seat K—Retainer Stud 
(Not drawn to scale.) 


ring were reassembled, clamped tightly 
in place with the valve, and studs screwed 
evenly home in the six holes. The excess 
stud was filed down to the cylinder head, 
to obviate any possible “hot spot” to 
cause pre-ignition. 

Through the expedient of placing the 
shim under the lock rim, the halves of the 
threads in ring and head were thrown out 
of line by 0.004-inch, bringing the screw 
pressure against only half the threads in 
each, and tending to force the ring even 
tighter into the head. B.S. 


Safety Valves on 
Discharge Header 


O be sure that safety valves will op- 

erate, should pressures exceed a cer- 
tain predetermined amount, Phillips Pe- 
troleum Company has installed two safety 
valves on one line in its Mansion Station 
in Oklahoma City. A relief header laid 
the entire length of the compressor build- 
ing terminates at the extreme end in the 
usual gas-vent stack. At the point where 
each discharge line from the compressors 
crosses beneath the vent line, connections 
are provided to lead excess gas under 
pressure to the atmosphere. A riser leads 
from the discharge line and extends well 
above the walk level, where it is equipped 
with a tee and other necessary connec- 
tions for the installation of two safety 





Arrangement of relief valves on discharge header. 


valves, one on each side of the riser. Each 
valve will permit gas to flow from the dis- 
charge line to the vent line header through 
separate connections. The valves are not 
only automatic, but are equipped with a 
hand lever by which the operator can re- 
lieve the pressure instantly and at will. 


Closed Car Loader 


; oa losses in the refinery are 
high and in many refineries the 
rule is to do most of the loading of 
lighter products at night to eliminate 
as much evaporation as possible. This 
evaporation or loading loss can be re- 
duced or eliminated entirely by employ- 
ing a closed car loader as shown in the 
diagram. The apparatus should be con- 
structed of as light material as possible 
so that it can be easily handled by the 
loading rack men. After the car has been 
opened the loading dome cover on the 
loading line is screwed on the dome 
and the car is ready to be loaded. It is 
understood, of course, that the cover 
rotates independent of the rest of the 
apparatus. 
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Closed car loader. 


The loading cover is equipped with a 
glass peep hole so that the loading rack 
men may determine when the car }s 
full. Loading can be done at any time 
of day in the hottest weather without 
loss through the use of such a device. 
The end of the main vapor line should 
be equipped with coolers using chilled 
water to condense the vapors due to 
the fact that the empty cars are filled 
with ait. It is impossible to run a caf 
over with this apparatus in use for the 
reason that the overflow will back up 
into the vapor line and be caught m 
the condensate receiver. 

M. E. Woo prince, 
Ponca City, Oklahoma. 
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